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"  StCCl  Crete" 


"Steelcrete"  Expanded  Metal  is  the  oldest  and  most   widely   used   concrete   reinforcement. 

Had  we  no  further  arguments  to  substantiate  our  claims  for  its  superiority  than  the  list  of 
innumerable  buildings  and  varied  construction  in  which  it  has  been  used,  such  a  roll  would  con- 
stitute an  array  of  figures  calculated  to  inspire  confidence  in  the  most  conservative,  who,  never 
having  trod  the  path  before,  is  timid  as  to  his  choice  of  a  concrete  reinforcement.  Elsewhere  we 
have  given  figures  covering  the  extent  of  its  nse.  Suffice  it  to  say  here  that  "Steelcrete"  Ex- 
panded Metal  has  been  used  not  only  in  every  portion  of  the  United  States,  but  in  every  corner 
of  the  civilized  world.  Indeed,  wherever  modern  civilization  has  thrust  itself,  "Steelcrete"  Ex- 
panded Metal  construction  will  be  found  in  the  most  important  works  of  that  country.  Of 
American  invention,  no  product  could  be  more  widely  indorsed  by  foreigners.  Not  only  has  this 
type  of  reinforcement  the  unanimous  approval  of  the  best  engineers  of  the  civilized  world,  but 
their  enthusiastic  indorsement  as  well. 

We  recognize,  however,  that  this  is  only  incidental  to  its  worth.  Continued  success  is  an 
indication  of  confidence  on  the  part  of  the  buyers  in  the  material  purchased.  We  submit  that 
no  metal  fabric  could  stand  in  the  front  rank  of  concrete  reinforcement  for  almost  twenty  years, 
practically  since  the  birth  of  the  industry,  under  the  critical  scrutiny  of  the  best  known  engi- 
neers of  the  entire  civilized  world  unless  its  underlying  principles  were  fundamentally  correct. 

Before  taking  up  the  distinctive  features  of  advantage  it  is  necessary  to  describe  just  what  is 
meant  when  we  speak  of  "Steelcrete"  Expanded  Metal.  Notwithstanding  its  wide  application, 
it  is  not  uncommon  to  find  many  engineers  and  users  of  this  metal  who  are  ignorant  of  the  mean- 
ing of  the  term.  Owing  to  the  fact  that  in  recent  years  imitations  have  appeared  to  injure  its 
good  name,  it  is  now  necessary  to  clearly  draw  the  line  between  the  true  and  the  false  product 
that  purchasers  may  be  able  to  clearly  distinguish  and  appreciate  the  difference. 

"Steelcrete"  Expanded  Metal  is  NOT  a  steel  plate  which  has  been  slit  in  one  operation 
and,  by  a  second  operation,  pulled  and  enlarged  into  a  large  sheet  of  diamond  shaped  meshes. 
In  the  "Steelcrete"  process  the  diamond  shaped  meshes  are  formed  by  cold  drawing  the  metal 
under  an  enormous  speed,  the  plate  having  been  previously  covered  with  oil. 


"Steelcrete" 
the  oldest 

Reinforcement 


What 

"Steelcrete" 
Is 


Fig.  (1)— Showing  method  of  manufacture  of  an  imitation  of  "Steelcrete"  Mesh. 


F'g-    (2)— Another  imitation  of  "Steelcrete. 


Fig.   (3) — The  true  "Steelcrete" — showing  correct  method  of  manufacture. 


WHAT     IS    "STEELCRETE"     MESH? 

The  preceding  illustrations  depict  the  difference  between  the  true  and  the  false  product. 
"Steelcrete"  alone  of  the  above  shown  is  manufactured  by  a  cold  drawn  process.  It  is  the  only 
mesh  that  possesses  great  unit  strength  and  a  'high  elastic  limit.  A  mesh  that  is  not  cold  drawn 
but  merely  deployed  is  necessarily  low  in  value  in  both  of  these  properties.  The  distinctive  feat- 
ure's of  "Steelcrete,"  in  addition  to  the  above,  is  its  uniformity  of  quality  and  stiffness.  It  makes 
a  taut  reinforcement,  requiring  no  stretching  to  take  the  "waves" 'out  of  it.  You  can  only  be  sure 
of  what  you  are  getting  by  specifying  "Steelcrete"  Mesh — not  just  merely  Expanded  Metal. 


A  Cold- 
drawn  Fabric 


Distinctive 
Features 


High 
Elastic  Limit 


The  illustrations  clearly  depict  the  difference  between  the  two.  It  is  this  cold  working  ot 
the  steel  at  an  exceedingly  high  speed  that  is  the  distinguishing  feature  of  the  "Steelcrete" 
Expanded  Metal.  IN  ONE  CASE  THE  METAL  HAS  BEEN  DEPLOYED,  WHILE  IN 
THE  SECOND  CASE  THE  METAL  HAS  BEEN  COLD  DRAWN  TO  ITS  MESH 
SHAPE.  The  true  sheet  can  be  readily  distinguished  from  the  false  product  by  the  regu- 
larity of  its  strands  and  the  better  mechanical  appearance  of  the  material,  but  the  most  sig- 
nificant difference  to  be  noted  is  in  the  stiffness.  It  is  possible  for  a  man  to  lift  a  sheet  of 
"Steelcrete"  Expanded  Metal  twelve  feet  long  from  one  end  by  holding  that  end  against  the 
body,  the  hands  gripping  the  strands  three  feet  away,  the  remainder  of  the  sheet  extending 
out  horizontally  with  an  imperceptible  droop  at  the  far  end.  This  is  not  possible  in  the 
false  product.  The  advantage  of  this  stiffness  will  be  taken  up  more  fully  in  a  subsequent 
paragraph. 

The  effect  of  the  process  on  the  steel  in  making  "Steelcrete"  Expanded  Metal  is  not  unlike 
the  cold  twisting  of  a  square  bar,  the  cold  rolling  of  a  steel  shape,  or  in  fact  the  cold  working 
of  any  piece  of  steel  by  which,  due  to  a  strange  phenomenon  characteristic  of  this  metal,  the 
quality  is  improved,  the  ultimate  strength  increased,  and  its  elastic  limit  more  than  doubled. 
The  original  plate  is  of  soft  steel  containing  a  low  percentage  of  carbon,  which  is  another  way 
of  saying  that  it  is  obtainable  in  an  absolutely  uniform  quality.  In  the  finished  product  the  ulti- 
mate strength  has  been  raised  20  to  50  per  cent.,  and  its  elastic  limit  increased  by  100  per  cent. 

From  the  very  beginning  of  reinforced  concrete  work  the  success  of  Expanded  Metal  as  a 
reinforcement  has  been  continuous.  Innumerable  tests  have  been  made,  and  invariably  the  re- 
sults have  proved  better  than  the  calculations.  "Steelcrete"  Expanded  Metal  has  three  dis- 
tinctive features  which  make  for  its  superiority  as  a  reinforcement  for  concrete.  These  feat- 
ures are  entirely  unique  with  the  material  and  not  encountered  in  any  other  fabric. 

(1)  The  cold  working  of  the  steel  in  the  process  of  manufacture,  which  has  been  briefly 
referred  to,  increases  the  elastic  limit  of  the  steel  about  100  per  cent.  "Steelcrete"  Expanded 
Metal  is,  strictly  speaking,  a  material  with  a  high  elastic  limit.  This  ranges  from  55,000  to 
65,000  Ibs.  per  sq.  in.  The  value  this  gives  as  a  concrete  reinforcement  will  be  recognized  by 
all  users  of  this  class  of  material.  In  addition  to  this  great  advantage  is  the  guarantee  in  uni- 
formity of  the  material  due  to  the  soft  steel  plate  from  which  the  fabric  is  made.  A  high  elastic 
limit  is  usually  synonymous  with  uncertainty.  In  "Steelcrete"  Expanded  Metal  we  have  a  ma- 
terial possessing  a  high  elastic  limit,  and  at  the  same  time  a  guaranteed  uniformity  of  quality. 


Ductility 


Its 
Importance 


(2)  The  diamonds,  or  quadrilaterals,  of  the  sheet  under  severe  loading    tend  to  close.     The 
effect  of  this  contraction  in  the  meshes  is  to  give   the    fabric   a   ductility   unencountered   in    any 
other  reinforcement  having  a  high  elastic  limit.     As  this  closing  up  of  the  meshes  does  not  take 
effect  except  under  severe  loading,  to  the  advantages  of  a  high  elastic  limit  are  added  those  of  a 
ductile  material.     Unless  the  slab  is  under-reinforced,  when  "Steelcrete"  Expanded  Metal  fails, 
it  fails  slowly.     This  feature  will  be  appreciated  by  engineers  and  experts  in  building  construction. 

(3)  The  effect  of  this  closing  up  of  the  diamonds,  in  addition  to  giving  the  fabric  ductility, 
is  to  introduce  a  Compression  into  the  concrete  which  at  this  point  is  in  tension.     This,  as  will  be 
noted  at  once,  is  highly  beneficial  to  the  slab,  and  greatly  adds  to  its  strength.     This   feature  is 
entirely  unique  with  Expanded  Metal.     It  is  encountered  in  no  other  reinforcement,  and  is  recog- 
nized and  highly  commended  by  concrete  experts  everywhere  who   have  tested  this  material  to 
destruction. 

To  these  three  distinctive  features  of  Expanded  Metal  may  be  added  many  others,  such  as 
the  perfect  bond  attained  between  the  steel  and  the  concrete;  perfect  distribution  of  the  steel, 
whereby  the  designer  is  assured  that  it  will  be  located  just  where  his  calculations  assumed  it  to 
be,  and  numerous  others.  These  points  will  now  be  taken  up  separately,  that  the  importance  of 
each  may  be  properly  emphasized.  We  are  able  to  satisfy  the  most  skeptic  in  every  case.  We 
have  data  and  the  results  of  tests  on  hand  covering  every  feature.  It  is  not  possilble  to  give  such 
data  in  a  brief  circular  such  as  this,  owing  to  its  volume.  We  will  be  glad  to  correspond  with 
any  one  who  is  sufficiently  interested  to  go  into  the  matter  further  with  us. 

THE   HIGH   ELASTIC   LIMIT. 

That  the  high  elastic  limit  is  an  advantage  in  concrete  reinforcement  is  a  statement  which 
must  be  accompanied  with  certain  reservations.  In  general,  it  may  be  stated  that  steel  is  a 
ductile  material  in  comparison  with  concrete.  In  concrete  this  quality  is  greatly  lacking.  If 
concrete  and  steel  are  to  work  together,  it  is  plain  that  they  must  stretch  together.  After  the 
steel  has  passed  its  elastic  limit  its  elongation  becomes  so  pronounced  that  the  concrete  cracks 
and  breaks,  and  to  all  intents  and  purposes  the. beam  has  failed.  Until  this  critical  point  has 
been  reached  the  deflection  on  a  beam  is  negligible,  and  on  a  slab  of  small  span  is  scarcely  per- 
ceptible. Evidently,  high  elastic  limit  .adds  greatly  to  the  load-bearing  powers  of  the  slab,  sup- 
plying a  factor  of  safety  not  found  in  a  soft  steel.  As  long  as  tests  are  regarded  as  the  basis 
of  comparison  for  steel  reinforcements,  so  long  will  the  materials  possessing  a  high  elastic  limit 
be  regarded  as  superior. 
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A  high  elastic  limit  in  steel  can  be  attained  in  three  ways  only : 

(1)  By  the  increase  of  the  percentage  of  carbon  in  the  steel. 

(2)  By  the   special  process  of   repeated  cold    drawing    and    annealing    encountered    in    the 
manufacture  of  wire. 

(3)  By  the  cold  working  of  a  soft  steel,  as  in  cold-twisting  squares,  or  in  cold  rolling  bars, 
or  in  the  making  of  "Steelcrete"  Expanded  Metal. 

We  will  consider  the  first  and  last  cases  together,  and  the  second  will  be  taken  up  subse- 
quently. In  the  last  case  referred  to  the  material  is  a  soft  or  medium  steel  containing  between 
.08  per  cent  to  .20  per  cent,  of  carbon.  This  is  usually  designated  in  the  trade  terms  as  8  to  20 
carbon.  A  high  carbon  steel,  such  as  is  commonly  used  in  concrete  work,  in  order  to  attain  the 
high  elastic  limit  reached,  contains  from  .40  per  cent  to  .50  per  cent  of  carbon,  or,  in  trade  terms, 
40  to  50  carbon.  It  is  an  incontrovertible  fact  that  a  high  carbon  steel  cannot  be  attained  in  the 
present  market  in  a  uniform  quality  except  under  conditions  of  inspection  that  do  not  permit 
its  use  as  a  commercial  reinforcement.  On  the  other  hand,  it  is  indisputable  that  a  low  carbon 
steel  is  easily  obtained  commercially  in  a  uniform  quality.  When  high  carbon  steel  is  bought,  an 
inferior  product  is  bought.  On  account  of  its  unreliability  its  lowest  values  can  only  be  consid- 
ered in  the  selection  of  the  working  stresses. 

"Steelcrete"  Expanded  Metal  contains  between  8  to  12  carbon,  and  is  therefore  a  uniform 
product.  This  Expanded  Metal  could  not  be  made  from  non-uniform  steel,  as  the  process  of 
manufacture,  to  be  a  commercial  success,  absolutely  requires  a  uniform  material. 

With  high  carbon  bars  must  be  classified  the  ordinary  commercial  wire  meshes  often  used 
as  a  reinforcement.  Wire  mesh  is  not  uniform  in  quality.  While  published  tests  show  average 
values  of  85,000  to  95,000  Ibs.  per  sq.  in.  in  ultimate  strength,  and  elastic  limits  of  over  60,000 
Ibs.  per  sq.  in.,  tests  on  commercial  products  show  a  range  of  from  60,000  to  120,  000  Ibs.  per  sq. 
in.  in  ultimate  value,  and  in  elastic  limit  of  from  40,000  to  97,000  Ibs.  per  sq.  in.  While  the 
average  values'  may  be  high,  we  submit  that  average  values  have  no  place  in  conservative  engi- 
neering, inasmuch  as  the  strength  of  a  chain  is  that  of  its  weakest  link,  the  minimum  values 
should  in  every  case  be  required.  Furthermore,  we  submit  that  it  should  be  prohibitive  to- use 
a  material  with  a  variation  in  quality  as  above  stated.  The  ranges  above  given  are  unquestion- 
ably conservative,  and  the  actual  range  is  undoubtedly  greater. 
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An  Impartial 
Opinion 


To  summarize,  the  high  elastic  limit,  while  undoubtedly  desirable,  must  not  be  attained  at  the 
sacrifice  of  quality.  It  should  not  be  overlooked  that  "the  quality  remains  long  after  the  price 
is  forgotten."  "Steelcrete"  Expanded  Metal  stands  for  superior  quality;  a  uniform  product  with 
a  high  elastic  limit. 

The  second  distinctive  feature  of  "Steelcrete"  Expanded  Metal  which  is  intimately  connect- 
ed with  the  subject  of  the  high  elastic  limit  is  ductility. 

The  property  of  high  elastic  limit  is  generally  accompanied  with  a  great  decrease  in  the  duc- 
tility of  the  material.  The  effect  of  this  on  the  safety  of  a  building  should  not  be  overlooked.  It 
is  never  possible  to  calculate  all  of  the  loads  that  a  building  will  be  required  to  sustain.  The 
falling  of  a  two-ton  load  on  a  floor  from  the  height  of  one  foot  will  produce  stresses  on  the 
whole  building  that  will  far  exceed  the  common  calculated  quiescent  loads.  A  shock  due  to 
internal  or  external  explosions,  earthquake  shocks,  common  shocks  encountered  in  the  erection 
of  the  structure;  none  of  these  can  be  calculated.  Conservative  engineers  provide  for  them  by 
selecting  a  material  which  possesses  ductility;  in  other  words,  which  will  yield  under  shock  rather 
than  snap  in  two,  such  as  would  be  the  case  with  a  material  possessing  a  low  ductility.  Such 
materials  should  be  absolutely  prohibited  on  beams  and  girders,  as  upon  them  depends  the  safety 
of  the  building.  Elsewhere  we  have  spoken  of  the  tendency  of  the  diamond  meshes  in  an  Ex- 
panded Metal  sheet  to  close  under  severe  loading.  This  will  be  readily  granted  by  an  observer. 
The  effect  of  this  feature  on  Expanded  Metal  embedded  in  concrete  is  obviously  to  give  the  re- 
inforcement a  ductility  unencountered  in  any  other  fabric  possessing  a  high  elastic  limit.  As  this 
closing  cannot  take  place  except  under  a  severe  loading  or  shock,  the  advantages  of  a  high 
elastic  limit  as  well  as  that  of  a  ductile  metal  are  attained. 

This  feature  of  Expanded  Metal,  namely,  the  tendency  of  the  diamond  meshes  to  close,  has 
the  effect  of  introducing  a  compression  into  the  concrete  which  is  under  tension  at  this  point. 
The  immediate  effect  is  to  lower  the  neutral  axis  in  the  slab,  which  increases  the  effective  area 
of  concrete  available  for  the  resistance  of  compressive  stresses  and  decreases  the  stresses  in  the 
extreme  fibres.  The  beneficial  effect  cannot  be  denied.  It  has  been  recognized  by  concrete  ex- 
perts the  world  over.  The  following  extracts  describe  it  better  than  we  could  ourselves. 
They  are  taken  from  the  600-page  exhaustive  treatise  on  Reinforced  Concrete  by  Charles  F. 
Marsh,  page  54: 
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"A  beneficial  action  appears  to  be  set  up  in  the  slab,  due  to  the  tendency  of  the  meshes  to 
close  up  under  bending.  It  can  be  easily  seen  if  the  meshes  close  up  by  a  lengthening  of  the 
longer,  and  a  shortening  of  the  short  diagonal,  the  area  within  the  mesh  must  become  reduced, 
and  consequently  the  enclosed  concrete  will  be  compressed.  This  is  a  very  valuable  property, 
since,  if  the  sheets  are  so  placed  that  the  greatest  tensile  stresses  act  in  the  direction  of  the 
longest  diagonal,  it  causes  the  concrete  in  the  lower  portion  to  be  under  compression,  instead  of 
tensile  stresses,  as  is  the  case  with  most  methods  of  reinforcement.  The  sheets  are  made  in 
many  different  strengths,  so  that  almost  any  size  of  piece  can  be  economically  reinforced.  Where 
one  sheet  is  not  of  sufficient  length  or  width,  a  slight  overlapping  of  the  sheets  in  the  concrete 
gives  the  necessary  continuity,  since  its  form  renders  any  slipping  through  the  mass  of  concrete 
practically  impossible." 

Also  on  page  296  of  the  same  treatise : 

"There  is  more  stretching  of  'expanded  metal*  previous  to  rupture  than  of  an  ordinary  rod 
,r  wire  reinforcement.    Reinforcements  in  the  nature   of   a   woven   mesh   probably   behave   in   a 
somewhat  similar  manner  to  'expanded  metal,'  but  not  so  pronounced. 

M 


"The  values  of  the  unit  moment  of  resistance,  bh2,  are  higher  for  a  similar  percentage  of 
metal  in  slabs  reinforced  with  'expanded  metal'  than  in  those  with  longitudinal  and  transverse 
rods." 


THE  CONTINUOUS  BOND  IN  FLAT  ARCH  CONSTRUCTION. 

Some  reinforcements  in  the  market,  manufactured  and  sold  in  rolls,  lay  so  much  stress  on  the 
continuity  of  their  material  that  it  may  be  implied  that  this  is  its  chief  claim  to  superiority.  We 
have  already  seen  that  the  quality  of  such  material  is  uncertain,  hence  unreliable.  We  are  now 
prepared  to  show  that  the  theory  of  the  much-heralded  continuous  bond  is  exaggerated — to  a 
very  small  extent  exists  in  practice — and  this  can  be  clearly  demonstrated. 
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A  Continuous  The  common  form  of  construction  in  strictly   fireproof  buildings   is  as  per   sketch.     Occur- 

Beam  or  a  ring  in  adjoining  spans,  it  has  the  appearance  of  continuous  beam  construction.     Text  books,  as 

Flat  Arch?  '  'Well  as  building  laws,  err  in  computing  them  as  such.  In  the  absence  of  a  proper  formula  for 
computing  a  flat  arch,,  engineers  have  been  forced  to  use  continuous  or  fixed  beam  formulae, 
which,  however  fallacious  their  application,  to  this  case  may  be,  possess  the  redeeming  feature  of 
erring  on  the  side  of  safety.  The  discrepancy  between  theory  and  tests  is  too  great  'to  be  ignored. 
That  this  construction  does  not  behave  like  a  beam,  but  -rather  as  an  arch;  can  be  noted  by  any 
casual  observer  of  a  test.  This  fact  is  now  generally  recognized  and  admitted  by  even  the  warm- 
est advocates  of  the  continuous  bond. 


Fig.  (4) — This  sketch  shows  a  common  method  of  reinforcing  in  fireproof  buildings.  It  has 
the  appearance  ,of  continuous  beam  construction.  Under  tests  its  behavior  is  more  like  the  arch 
construction  shown  in  the  next  sketch.  The  sustaining  powers  of  the  construction  shown  in  this 
sketch  is  three  or  four  times  greater  than  the  loads  calculated  by  the  ordinary  continuous  beam 
formulae. 


.''•.i  •'  'v  Fig.-    (5) — A -flat  segmental  arch  showing  ;he  similarity  between  it  and  the  flat  arch  above. 

Has  an  Arch  ^   vital   difference    exists   between    these   two    types    of    structures,    namely,    the    continuous 

Tension  at  the      beam  and  the  arch.     The  continuous  beam  implies  a  high  tensile  stress  .-.in  the  upper  part  of  the 
Abutment?       .      slab  over  the  support.     The  arch  implies-only  a  thrust  or  compression  .at.  the  support.     This  dif- 
ference is  of  the  highest  importance.     If  it  could   be   demonstrated   that   an.  arch   exists   in   the 
form  of  construction  under  discussion,  instead  of  a  continuous  beam,  it  would  follow  with  indis- 
putable logic  that  little  tensile  .stress  could,  then  be  transmitted  from  arch  to  arch  any  more 
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than  in' a  series  of  brick  or  segmental  concrete  arches.  The  reinforcement  ,oyer  the,  support 
would  therefore  be  useless.  That  this  is  actually  the  case  can.  be  clearly  proven.  It  is  ad- 
mitted by  all.  close  engineer-observers.  Three  distinctive,  points  can  be  cited  to  : substantiate 
the 'argument. 

(1)  The  loads  borne  by  these  flat  slabs  are  greatly  in  excess  of  those  computed  under  con-         e*  * 
tinuous  beam  formulae.     So  great  is  this  difference  that  slabs  which  do  not  figure  for_  a  safe  load 

of  over  50  Ibs.  per  sq.  ft.  with  a  presumable  factor  of 'safety  of  4  will  actually  carry  over  1,500 
Ibs.  per-sq.  ft.  before  failure  is  reached.  •  If  the  sustained  loads  are  used  as  a  basis  of  computa-; 
tion  for  the  stresses  in  the  steel;  they  would  imply  that  a  stress  existed  .there  of  over  300,000 
Ibs.  per  sq.  in.,  which  is  absurd  and  unsupported  by  facts,  as  we  know  that  the  steel  is  not  good 
for  more  than  80,000  Ibs.  per  sq.  in.  This  discrepancy  between  tests  and  theory  is  recognized 
now  by  gome,  .manufacturers  of  slab  reinforcement,  who  do  not  issue  tables  for  the, use  of  their 
material,  but  instead,  give  a  series  of  slabs  and  spans  which"  have  been  tested  arid  which  are  guar- 
anteed to  sustain  a  specified  load  under  a  stated  factor  of  safety.  The  present  New  "York 
City  building  code  takes'  advantage  of  this  arch  act-ion  in  -the  slabs-,  and  will  accept  any  sys- 
tem of  construction  in  chider  concrete  for  any  stated  load  which  will  sustain  a  test  load  ten 
times  greater.  Notwithstanding  this  enormous' factor  of  safety,-  the  actual  loads  for  which 
given  systems  or  styles  are  passed  "are  two  to  four  times  as  great  as  'would  be  permitted 
under  the  common  continuous  beam  formulae. 

(2)  If  the  condition  of  a  continuous  beam  existed  there  would  be  noted  an  exceedingly  high 
tensile   stress    over   the   support    equaling    the   tensile  stress  at  the  center  of  the  span.     That  this 
stress  does-  not  -exist  -may  be  noted  by  any  close  observer  of  the'  above-mentioned  tests.     Cracks 
do  not  appear,  at  this  point  as  under  the  slab  at -.the,  center  of, the. span.     Fine  tension  cracks  are 
sometimes  seen,  but  only  preliminary  to  failure  when  the  loading  has  caused  such  a  large  .de- 
flection in  the  middle  of  the  span  that  wilj  necessarily  put  tension  in  the  upper  portion  near 
the  support,  .This  would  be  true  in  any  arch  that  is  wealc 'at  the  center. ..'  'this  should  not  be 
confounded,  with  .a  true  negative  bending  moment,    such  \as'  ,'woul'd    exist" 'in  'a    contihu'dus 
beam.    ,A    not    uncommon   form'  of   construction  is  given 'in  'the  sketch.    "This  forni  of' ^'(in- 
struction,   reinforced    with    a    great    many    systems,  has  been  tested' to  destruction  under  't'he 
supervis'ion    of.  the   building   department   of  "New  York   City,  and  the    results"  of '  these'  'tests 
are   on   reqord.  ,  It   will /be   seen    that   it  is   the  usual  p'ract'ice  "to^'rest  the   reirirqrcerrie'nt  Jon 
the    supporting  'beam  .actually    \l/2    inches  "from"   'the    extreme  '  fibers  , of    the    top:    "As 'the 
slab  is  commonly  4'  inches  'thick,  the 'lower  'inch  serving  only  a's"  fire  cir  rust  protection,  the  effective 
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depth  is  merely  3  inches.  The  top  reinforcement,  therefore,  is  placed  in  practice  actually  at,  if 
not  below,  the  neutral  axis,  where  it  could  not  possibly  take  any  tension,  if  such  existed. 
In  lieu  of  the  fact  that  the  reinforcement  is  ineffective  to  take  tension  at  this  point,  and  where- 
as it  is  known  that  the  concrete  alone  is  negligible  as  regards  taking  tensile  stresses,  it  is  rea- 
sonable to  suppose  in  the  absence  of  any  but  very  fine  cracks  that  very  little,  if  any,  such  ten- 
sion exists. 


r 


T 


Fig.   (6) — The  dash  lines  indicate  the  theoretical  location  of  the  tensile  stresses  in  a  contin- 
uous beam  construction. 


Fig.  (7)— The  dash  line  indicates  the  theoretical  location  of  the  tensile  stresses  in  flat  arch 
construction. 

(3)  In  a  series  of  tests  to  determine  the  efficiency  of  "Steelcrete"  mesh  in  flat  arch  con- 
struction, conducted  during  the  spring  of  1911  by  the  Materials  Testing  Laboratory  of  the  Car- 
negie Technical  Schools,  Pittsburgh,  Pa.,  these  slabs  were  carefully  observed.  The  above-men- 
tioned points  were  every  one  confirmed.  In  addition  tie  rods  had  been  placed  connecting  the  I- 
beams  supporting  the  slabs,  these  rods  serving  as  the  only  connection  between  the  beams  and 
located  immediately  outside  the  arch.  It  was  impractical  to  gauge  the  tension  in  the  tie  rods  due 
to  the  enormous  thrust  of  the  arches,  but  that  they  behaved  as  if  under  high  tensile  stress  was 
admitted  by  all  bystanders.  A  sharp  metallic  ring  would  be  noted  when  the  tie  rods  were  struck 
with  anything  solid. 
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Fig.  (8) — Illustrating  the  common  method  of  placing  the  reinforcement  in  the  construction 
shown  in  Fig.  (4).  The  location  being  at,  if  not  below,  the  neutral  axis  at  this  point,  and  the 
absence  of  cracks  in  the  slabs  demonstrate  the  fact  that  there  is  little,  if  any,  tension  over 
the  support  in  this  form  of  construction.  See  the  discussion  of  this  construction  on  page  11. 


We  submit  that  the  enormous  loads  carried  by  these  slabs,  far  exceeding  all  calculations  of 
continuous  beam  construction,  the  absence  of  tension  over  the  support,  the  tension  noted  on  the 
rods  connecting  adjoining  beams;  all  of  these  points  can  only  be  explained  by  an  arch  action. 

If  no  tension  exists  over  the  support,  it  follows  that  no  tensile  stresses  can  be  transmitted 
between  adjoining  spans.  To  anchor  the  reinforcement  in  the  adjoining  slabs  would  imply  that 
the  tension  would  be  transmitted  over  the  support.  We  have  seen  that  the  arch  construction 
will  not  transfer  any  tension  over  the  support.  Hence  it  must  be  admitted  that  there  can  be  no 
advantage  in  continuing  the  reinforcement  other  than  for  the  practical  reasons  encountered  in  some 
styles  of  construction.  These  will  be  shown  subsequently. 


It  will  be  argued  that  this  arch  action  takes  effect  only  in  small  span  construction.    It  has 
been  noted  in  spans  up  to  15  feet,  and  this  covers  all  practical  cases  encountered  in  flat  slabs. 
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"STEELCRETE"  JV1ESH    AND  THE   PROBLEM   OF   BOND. 

None  the  least  of  the  lessons  to -be-iearned  fronv  the  -tests -of  flat  arches  is  the  tremendous 
importance  of  securing  a  reinfoffiemerit  in -which  the  bond  attained  between  the  steel  and  the 
coricre'te  is  "a"  "maximum.  'This  is  doubly  so;  jfiasmuch  as  the  -anchorage  cannot  be  ma.de  in  the 
adjoining  span  but  in  the.  short  space  available  in  the  haunches  of  the  arch  only.  This  brings  us 
to  the  bond  question. 

When  "Steelcrete"   Expanded  Metal  is  chosen  the  question  of  bond  is  one  about  which  the 
"Steelcrete"  engineer   need   have   no   concern   whatsoever.     The  bond  attained   between   the  diamond   meshes, 

Bond  all  under  tension,  is  the  most  perfect  that  ingenuity  could  devise.     No  possibility  of  slipping  is 

encountered.  The  connecting  ties  are  stronger  than  the  strands  themselves.  They  do  not  depend 
on- the  care  of  a  common  laborer  in  their  manufacture,  as,  it  is  mechanically  impossible  to  vary 
this  tie  a  measurable -amount.  The  possibility  of  slipping  is  eliminated  from,  reinforced  concrete 
work.  -When -the  steel  has  slippecl.it  can.  take  no  stresses  from  the  concrete. 

Steel  and  concrete,  by  a  fortunate  combination  of  desirable  properties,  unite  to  form  a  build- 
ing material  surpassed  by  none.  In  order  for  them  to  work  together  it  is  evident  that  the  bond 
between  them,  should  be  as  nearly  perfect  as  possible,  as  the  stresses  must  be  continually  trans- 
mitted from  tjie  steel  into  .the  concrete  and  from  the  concrete  into  the  steel.  It  is  evident  from 
the  inspection  of  a  sheet  of  ^Steelcrete"  mesh  that  the  bond  attained  by  the  enmeshing  in  the  con- 
crete is  perfect.  There  is  seen  to  be  no  possibility  of  slippage.  In  addition  to  this,  the  indi- 
vidual strands  have 'the  rough  •surface  of  a  sheared,  bar,  which  makes  an  ideal  grip  for  the 
cement.  .  •  .  .. 

^*"W*i»  ' 

As  a  medium 'for  mechanical  .bond,  the  surface  offered  by  a  wire,  galvanized  or  plain,  is 
•obviously  inferior.  -A  slight  jnill  will  destroy  the  bond,  there  being  no  pits  or  small  indentations  to 
mechanically  aid  the  concrete.  .  This  fact  having  been  recognized,  cr6ss-wires  are  either  welded 
to  or  wrapped  around  the  main  longitudinal  wires  in  6rdef  to  increase  the  mechanical  bond. 
These  mechanically  attached  cross-wires  do  not  offer  a  proper  guarantee  against  slipping.  When 
the  main  longitudinal  wires  are  subjected  to  great  strain  their  cross-section  is  reduced.  This 
reduction  of  the  'cross-section  immediately  destroy*  the  tight  hold  of  the  cross-wires,  and  the 
mechanical  bond  offered  by  them  is  destroyed. 
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'Not  infrequently  the  cross-wires  in  wire  fabric  are  presumed  'to   carry   a   proportion   of   the      "Steelcrete" 
tension  that  can  only  be  taken  by  the  longitudinal  wires;' and  'their  full  tress-section's  added  to  therti.      tin  Efficient 
We  maintain  such  designs  are  inexcusable, "and  serve  only  to  injure  the  good  name  of  reinforced      Reinforcement 
concrete.     This  building  material  has  received  well-merited   praise   everywhere   for   its   excellence 
as  such',  but  it  may  be  abused 'and  rendered  unfit  for  use  by  reckless  design  under  the  stress  of 
competition. 

'  '  The  weight  of'th^  'fabric  is  greatly  increased  by  the  cross-wires.;  oftentimes  nearly  doubled. 
It  should  not -be- foigo'tten  by  the  purchaser  that  he  is  paying  for  these  cross-wires,  which  are 
ineffective  in  taking  tension,  at  the  same  pound  price  he  is  paying,  for  the  longitudinal  wires, 
which  are  alone  effective,  and  which  alone  he  is  concerned  with.  It  is  reasonable  to  suppose  that 
'of  two  fabrics,  equally 'effective  in  strength,  one  weighing  more  than  the  other,  the  heavier,  in 
order  to  meet  the  price  of  the  former,  can  only  do  so  at  the  expense  of  something,  and  that  some- 
thing is'the 'quality  of  the  material.  When  "Steelcrete"  Mesh  is- specified  the"  purchaser  pays  for 
''  effective  cross-section  only/ 

When  you  buy  reinforcement,  BUY  REINFORCEMENT.  . 


THE  FLAT  SHEET  vs.  THE  ROLL. 

Reinforced  Concrete  has  been  sometimes  called  Structural  Concrete.  The  fact  is  thereby 
implied  that  it  is  subject  to  mathematical  investigation.  Its  stresses  and  their  characters  may  not 
be  as  definitely  known  as  those  of  structural  steel,  but  the  function  of  each  member  has  been 
empirically  ascertained,'"  more  especially  that  of  the  steel  and  its  location  in  the  concrete.  "Steel- 
crete" Mesh  offers  a  Complete  solution  of  the  uncertainty  encountered'  in  the  placing  of  the  steel 
in"  the  concrete.  "It ' is  pre-eminently  a  reinforcement  "f of  unskilled  labor!  "Engineers  may  figure 
long"  dyer  and  delve  deeply  into  their  mathematics;  but  it  must  be  admitted  that  it' is  the  "man 
"behind  the  shovel" 'who  determines  the  final  position  of  the  neutral  axis!  It  is  brawn  rather  than 
brain  that  finally  determines  the  safety  of  the  structure.  All  modern  engineering  is  concentrated 
in,  an.  effort  £o  eliminate;  the-  uncertainty  problem.. and  take  away  from,  unskilled  labor  the  ability 
.to  destroy  a  structure  by' ignorance,  of  the  essentials.  "Steelcrete"  Mesh  .-shipped  in  flat  sheets 
offers,  a  complete,  solution  to  this  problem.  ,  The '  foreman  on  the  job  does  not  require  ability  to 
read  a  blue  print.  A  large  area  may  be  covered  without  spacing!  .The.  stiffness  of  a  "Steel- 
crete" Expanded  Metal  sheet  has  already  been  referred  to.  The  ease  in  handling  offered  by  com- 
paratively small,  stiff,  flat  sheets  makes  it  the  popular  reinforcement  for  the  contractor. 


A  Reinforce- 
ment for 
Unskilled 
Labor 


I!) 


A  Guarantee  "Steelcrete"  Mesh  lies  in  the  plane  of  tension  designed  for  it.    This  is  not  so  in  the  long 

of  Safety  roll  of  reinforcement.    The  long  roll  does  not  offer   the  guarantee  of  placing  the  reinforcement 

exactly  as  required.  While  cross-wires  *may  space  it  correctly  in  a  horizontal  plane,  the  un- 
rolled fabric,  however,  has  a  wavy  or  warped  form  in  practice,  offering  an  element  of  uncertainty 
as  regards  its  position  in  a  vertical  plane.  If  in  a  common  slab,  with  an  effective  depth  of  only 
three  or  four  inches  the  reinforcement,  because  of  its  form,  becomes  displaced  a  half  inch  in  ver- 
tical direction,  the  strength  of  the  slab  becomes  greatly  impaired.  THE  FACT  THAT  IT  TESTS 
WELL  PROVES  LITTLE.  THE  PLACING  IS  THEN  UNDER  EXPERT  SUPERVISION. 
In  practice,  however,  the  placing  is  left  to  unskilled  labor.  The  position  of  the  reinforcement 
in  a  vertical  position  is  obviously  of  far  greater  importance  than  in  a  horizontal  direction. 

A  reinforcement  that  does  not  rest  absolutely  flat,  but  curves  vertically  even  to  a  slight  extent, 
cannot  prove  effective  until  it  has  stretched  tight.  This  necessitates  a  slipping  in  the  concrete, 
and  a  breaking  of  the  bond  in  the  readjustment  of  the  steel.  The  detriment  to  the  slab  is  ob- 
vious. This  is  all  avoided  by  the  use  of  "Steelcrete"  Mesh.  The  correct  position  of  the  steel 
is  assured,  both  vertically  and  horizontally.  No  slipping  in  the  concrete  is  necessary  for  initial 
tension.  Unskilled  labor  gives  satisfaction  in  placing.  The  architect  or  engineer  is  relieved  of 
anxiety  over  an  uncertain  problem,  while  the  contractor  is  freed  from  the  responsibility  of  a 
matter  he  feels  should  be  beyond  his  sphere. 

THE  LAP. 

Flat  sheet  reinforcement  requires  the  lapping  of  adjoining  sheets  in  order  to  cover  a  large 
area,  under  some  forms  of  construction  necessitating  a  uniform  cross-section  throughout.  Un- 
less otherwise  stated,  the  proper  lap  of  two  sheets  is  eight  inches  or  one  diamond,  and  may  be 
mads  at  the  center  of  the  span  as  well  as  any  other  place  it  may  occur.  The  strength  of  the  bond 
is  sufficient  then  to  transfer  the  full  strength  of  the  steel.  This  has  been  demonstrated  repeat- 
edly wherever  "Steelcrete"  Mesh  has  been  used. 

The  following  points  should  be  noted  about  the  strength   of  a  lap.       Reinforcing  steel,  if 

lapped  50  times  its  diameter,  develops  the  full  strength  of  the  steel  with  a  factor  of  safety  of  3. 

»  Figured  under  this  formula,  a  lap  of  one  diamond  offers  ample  strength   for  this  purpose.    To 

further  emphasize  this  fact,  the  following  tests  were  recently  made  under  our  direction  to  dispel 

any  doubt  that  may  exist: 

to 


MATERIALS  TESTING  LABORATORY  CARNEGIE  TECHNICAL  SCHOOLS. 


A 

Convincing 
Pittsburgh,  Pa.,  February,  1911.  Test 


TESTS  OF  BEAMS 

FOR 

THE  CONSOLIDATED  EXPANDED  METAL  COMPANIES. 

Three  beams  were  made  in  order  to  test  the  efficiency  of  different  laps  of  3-9-175  "Steelcrete" 
Expanded  Metal. 

The  beams  were  6x10  inches  by  7  feet,  and  were  reinfoiced  with  9  inch  strips  of  3-9  175 
"Steelcrete"  Expanded  Metal,  at  a  distance  of  1  inch  above  the  bottom  of  the  beam,  the  lap  being 
at  the  center  of  the  beam.  The  proportions  of  the  gravel  concrete  were:  1,  1^,  4^,  and  it  was 
machine  mixed. 

The  beams  were  broken  at  the  age  of  26  days  with  an  Olsen  Universal  Machine,  the  load 
being  applied  at  the  third  points,  on  a  span  of  6  feet.  See  sketch  below. 


Fig.  (9) — Method  of  construction  used  in  lap  tests. 


A  concrete  cylinder  8  inches  in  diameter  and  12  inches  high  was  made  from  each  batch  oi 
concrete,  and  the  compression  strength  of  these '  cylinders!  exceeded  2,000  Ibs.  per  sq.  in.  at 
26  days. 

The  following  are  the  results  of  the  beam  tests : 

Beam  No.          Lap.                        ^failure' P"  CaUSe  °f  failure< 

"Al"                    4  inch                           2945  Ibs.  Slipping  of  steel  at  lap. 

,,AOJ,  Tensile  stress  in  the  steel  exceed- 

AZ                     6  mch                           322°  lbs-  ing  its  elastic  limit. 


A3"  8  inch  3085  lbs.  Same  cause  as  "A2." 

(Signed)     F.  M.  McCULLOUGH, 
Assistant  Professor  in  Civil  Engineering. 


THE  STRUCTURE  OF  " STEELCRETE"  EXPANDED  METAL. 

Pages  3  and  4  show  sheets  of  "Steelcrete"  Expanded  Metal  in  order  that  its  struc- 
ture may  be  best  appreciated.  The  openings  are  amply  large  enough  to  permit  the  concrete  to  com- 
pletely embed  the  steel.  We  have  elsewhere  dwelt  upon  the  importance  of  the  bond  and  the  guar- 
antee of  safety  offered  by  the  use  of  "Steelcrete"  Mesh.  It  is  obvious  that  because  of  its  struc- 
ture no  possibility  of  slipping  is  encountered.  The  quality  of  the  steel  is  in  keeping  with  its 
form.  Of  a  uniform  grade,  in  conjunction  with  an  elastic  limit  of  60,000  Ibs.  per  sq.  in.,  it  is 
unique  in  the  metal  fabrics  for  reinforcing  slabs.  Under  a  stress,  the  diamond  shaped  meshes,  with- 
out slipping  or  any  initial  rearrangement,  obviously  introduce  a  compression  into  the  concrete 
which  at  this  point  is  in  tension.  The  beneficial  effect  of  this  is  apparent,  as  it  aids  the  concrete. 
To  this  feature  alone  is  attributed  a  good  measure  of  its  remarkable  strength.  Under  severe 
stress  these  diamonds  will  shorten,  thereby  introducing  a  ductility  into  this  material  which  is  un- 
encountered  in  any  other  fabric  for  reinforcing  slabs. 

There  is  still  another  distinctive  feature  to  be  noted.  The  direction  of  the  strands  is  seen  to 
be  in  every  way.  A  sudden  concentrated  load  which  would  prove  fatal  to  any  straight  line  rein- 
forcement is  amply  taken  care  of  here,  as  the' stress  will  be  distributed  to  all  the  adjoining  strands. 
No  better  protection  against  the  unforeseeable  could  be  found  than  is  offered  here.  Engineers  are 
forced  to  design  with  uniformly  distributed  loads  in  the  absence  of  any  better  method.  These  loads 
seldom  occur.  On  the  other  hand,  a  heavy:  concentrated  load,  or  the  dropping  of  a  heavy  weight 
from  as  short  a  height  as  one  foot,  will  produce  stresses  which  far  surpass  the  ordinary  calcu- 
lated uniform  ones.  When  you  buy  reinforcement,  buy  that  which  gives  you  the  greatest  pro- 
tection against  that  which  cannot  be  foreseen,  but  which  is  nevertheless  probable.  "Steelcrete" 
Mesh  offers  a  protection  against  shocks,  internal  or  external  explosions,  and  sudden  dropping  of 
heavy  loads  within  the  building.  It  is  also  a  protection  against  the  ignorance  of  the  laborer  who 
inserts  it,  a  danger  which  cannot  be  too  ..strongly  guarded  against  in  concrete  work.  When 
"Steelcrete"  Expanded  Metal  is  specified  you  choose  a  material  which  'has,  stood  the  test -of  al- 
most twenty  years  in  actual  work,  and  which  is  unsurpassed  in  quality,  structure  or  efficiency  at 
the  present  day. 


The  Concen- 
trated Load 
and  Straight 
Line  Rein- 
forcement 
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How  straight  line  reinforcement  takes  care  of  a 
concentrated  load.  Only  three  or  four  wires  or  rods 
commonly  available  for  this  purpose.  The  weakness 
in  this  respect  is  obvious. 


How  "Steelcrete"  Mesh  takes  care  of  a  concen- 
trated load.  All  the  strands  within  the  heavy  lines 
a-a  are  aiding  directly  to  sustain  it.  The  strands 
without,  also  are  in  tension,  to  a  lesser  extent. 


"STEELCRETE"    MESH    IN    FLOOR    CONSTRUCTION. 

The  methods  or  systems  of  using  "Steelcrete"  Mesh  as  a  reinforcement  in  floors  are  in- 
numerable. The  following  have  been  selected  because  of  their  popularity,  and  are  typical  of  the 
methods  employed  in  the  structures  for  which  they  are  suggested.  Variations  may  be  adapted  to 
suit  special  cases  by  engineers  or  architects. 

Systems  No.  IB,  1C,  ID  and  2A  may  be  used  with  or  without  the  suspended  ceiling  as  shown  in 
System  No.  1A.  This  method  is  used  wherever  a  level  ceiling  is  desirable.  The  confined  air 
space  serves  to  deaden  the  sound.  It  is  adapted  to  office  buildings,  loft  buildings,  hotels,  hos- 
pitals, schools,  apartment  houses,  residences,  etc.  The  open  panel  construction  is  adapted  to  ware- 
houses, retail  stores,  office  buildings,  hotels,  etc.,  where  the  panelled  finish  is  desired  or  permis- 
sible. 

The  floors  may  be  of  any  form  indicated  by  the  character  of  the  building. 

The  attention  of  the  architects  is  called  to  the  "Steelcrete"  beam  wrapper  which  is  required 
around  the  lower  flanges  of  beams  when  concrete  protection  is  deemed  necessary.  This  will  be 
found  fully  described  elsewhere. 

The  tables  of  safe  superimposed  live  loads  will  supply  all  the  data  necessary  for  the  design 
of  a  floor  system. 


Fig.   (10)— System  No.  1A. 

This  system  is  a  very  popular  form  of  construction.  It  is  adapted  for  office  buildings,  hotels, 
apartment  houses,  hospitals,  schools,  roofs,  etc.  The  protection  of  the  lower  flange  of  the  sup- 
porting beams  makes  -it  an  ideal  fireproof  construction.  It  may  be  used  with  or  without  the  sus- 
pended ceiling  construction  as  here  shown. 


Fig.  (11)— System  No.  IB. 


This  system  is  similar  to  No.  1A.  It  is  adapted  for  the  same  class  of  buildings  wherever 
beam  protection  is  considered  unnecessary.  The  advantages  of  this  system  are  that  it  is  easily 
erected  in  addition  to  being  strong  and  safe.  The  open  panel  construction  is  here  shown. 
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Fig.  (12)—  System  No.  1C. 


This  method  of  construction  has  the  same  strength   as   systems   No.    1A   and   No.    IB.    It  is 
adapted  to  the  same  style  of  buildings  and  is  saving  of  headroom. 
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'Concrete. 


Fig.  (13)— System  No.  ID. 

This  system  is  similar  to  Nos.  ,1A,  IB,  and  1C.    It  shows  "Steelcrete"  Mesh,  adapted  to  a  re- 
inforced concrete  structure. 
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Fig.  (14)— System  No.  2A. 

Adapted  for  structures  where  beam  protection  is  unnecessary,  such  as  bridge  floors,  stations, 
factory  floors,  purlin  roofs,  sidewalks,  etc.  The  advantage  of  this  system  is  the  low  cost  of 
forms  for  erection,  and  the  rapidity  of  installation. 


Fig.  (15)— System  No.  2B. 

Adapted  to  bridge  floors,  sidewalks,  or  wherever  the  depth  of  adjoining  beams  makes  its  un- 
economical to  haunch  the  slab  into  the  lower  flange  of  the  beam  and  at  the  same  time  the  head- 
room is  limited.  Like  system  No.  2A,  it  is  economical  in  forms  and  easy  of  erection. 
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Fig.  (16)— System  No.  3A. 


This  form  of  construction  is  gaining  in  popularity  every  day.  A  flat  ceiling  is  attained.  It 
is  adaptable  to  the  first  and  second  floor  of  stores  where  the  partitions  are  not  permanent  but 
are  subject  to  change  at  any  time  and  the  ceiling  must  present  a  flat  surface.  It  is  adapted  to 
strictly  fireproof  buildings. 


s *  •  ••  ••flB*.  •  •;.• .- ,'.-:; ;^1- : -.• : :  \ ' •.'. 'fiswf\*  :.'••".'-'•."«' 
*;*. .*</,«  '•*  1  / :  \*  ^//7^^v~  /~^////s?&.'*  *\  \  « *  .*. 


Fig.  (17)— System  No.  3B. 

This  is  a  modification  of  system  No.  3A,  where  beam  protection  is  not  necessary.  The  ad- 
vantage of  this  system,  like  that  of  system  No.  2 A,  is  that  it  lends  itself  to  economy  in  forms 
and  speed  of  erection. 
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Fig.   (18)— System  No.  4A. 

This  is  the  strongest  form  of  construction  for  floor  slabs.    It  is  adapted  to  warehouses,  brew- 
eries, garages,  press  floors,  etc. 


Fig.  (19)— System  No.  4B. 

Similar  to  system  No.  4A.     Adaptable  to  buildings  where  flange  protection  of  beams  is  not 
required.     Its  advantage  is  ease  and  speed  of  erection. 
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"STEELCRETE"  EXPANDED  METAL  AND  THE  DECIMAL 

STANDARDS. 

In  order  to  permit  our  varying  sizes  and  weights  of  material  to  be  of .  most  use,  we  have 
recently  .adopted  a  scale  of  sizes  based  on  the  decimal  system,  using  the  cross-section  per  ft.  of 
width  as  the  basis  for  the  change.  A  close  inspection  of  this  system  will- show  the  great  advan- 
tage offered  by  this  scheme.  The  change  will  appeal  in  particular  to  engineers  or  designers  who 
have  to  deal  with  and  care  only  for  sectional  area  per  ft.  of  width. 

In  our  new  method  all  our  standard  meshes  have  a  diamond  3  inches  by  8  inches,  as  be- 
fore. The  designation  of  the  material  describes  the  size  of  the  diamond,  '  the  gauge  of  the 
plate  and  the  cross-section  per  ft.  of  width;  i.  e.,  Size  3 — 9 — 15  means  that  it  is  a  3  inch  diamond, 
made  out  of  No.  9  plate,  having  a  sectional  area  per  ft.  of  width  of  .15  sq.  in.  Our  special 
meshes  carried  in  stock  have  a  diamond  of  YA,,  \l/2  and  2  inches  in  the  short  direction.  We  also 
make  to  order  a  6  inch  mesh,  th.e  size  of  the  diamond  being  6  inches  by  16  inches.  The  gauge 
of  plate  used  is  No.  4,  or  nearly  J4  mcn  thick.  Any  cross-sectional  area  desired  up  to  and  includ- 
ing 0.4  sq.  in.  will  be  furnished.  The  width  of  the  sheets  will  depend  on  the  sectional  area. 

We  also  make  a  4  inch  mesh  from  No.  16  plate,  which  is  unexpanded.  We  furnish  this  in 
any  length  up  to  16  feet.  The  cross-sectional  area  per  ft.  of  width  is  .093  sq.  in. 

It  is  well  to  note  the  special  meshes,  such  as  the  34  inch,  \]/2  inch  and  2  inch,  are  not 
used  in  concrete  reinforcement  except  in  very  special  cases,  when  unusual  conditions  exist. 

EMBODY    THIS    IN    YOUR    SPECIFICATIONS. 

The  slabs  shall  be  reinforced  with  "Steelcrete"  Expanded  Metal,  size 

(or — The  slabs  shall  be  reinforced  with  "Steelcrete"  Expanded  Metal  of  such  a  thickness  of 

slab  and  size  of  metal  as  shall  carry  a  superimposed  load  of  Ibs.  per  sq.  ft.  with  a 

factor  of  safety  of  4). 

The  Expanded  Metal  shall  be  laid  on  the  forms  with  long  way  of  diamond  meshes  extending 
transversely  to  supporting  beams.  Adjoining  sheets  shall  be  lapped  eight  inches  on  the  end  and 
one  and  a  half  inches  on  the  side.  They  shall  be  wired  together  every  three  feet  on  the  ends  and 
every  four  feet  on  the  sides. 


Required  for  1  cubic  yard  rammed  concrete 
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INTRODUCTION   TO  TABLES. 

The  tables  for  stone  or  gravel  concrete  are  based  on  a  unit  stress  in  the  steel  of  18,500  Ibs. 
per  sq.  in.,  and  on  the  concrete  of  750  Ibs.  per  sq.  in.  This  stress  in  the  steel  is  taken  because  it 
possesses  a  factor  of  safety  of  three  on  the  elastic  limit.  The  stress  in  the  concrete  is  for  good 
stone  concrete  of  a  mixture  not  weaker  than  1:2:5.  These  stresses  are  commonly  governed  by 
building  laws  or  specifications  of  engineers.  The  variation  is  so  great  that  it  would  be  impossible 
to  give  tables  to  govern  all  cases.  We  have  on  hand,  and  in  preparation,  tables  governed  by  other 
unit  stresses  to  conform  with  building  laws  of  our  large  cities.  We  will  be  glad  to  forward  these 
on  request. 

The  loads  given  in  the  tables  are  the  safe  live  loads  in  Ibs.  per  sq.  ft.    In  every  case  the  weight 
of  the  slab  has  been  deducted.     The  weights  of  slab  assumed  are  as  follows: — 
Slab  Thickness:     3"       4"      5"       6"      7"       8"         9"       10"       11"       12"      13"      14"      15"       16". 

Weight  I  stone:     37       50      62       75     87      100        112      125       137      150      162      175      187       200  Ibs. 
Slab    J  Cinder:  29      38       48      58     67        77        86        96      105      115      125      134      144      153  Ibs. 

The  depth  from  the  bottom  of  the  slab  to  the  center  of  the  steel  is  assumed  as:- 
For  3-13-075  to  3  6-50  inclusive,  %" 
."     3-6-55  and  3-6-60  1" 

"    3-6- 75  and  3-6-100  \%" 
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•Tor   use   with 

GRAVEL  OR  STONE:  CONCRETE:. 

Maximum  Stress  in  Steel  =  I8,50O  Ibs.per  sc^.  inch. 
Maximum  Stress  in  Concrete  =750  Ibs.per  sq.  inch. 

Maximum  Bending  Moment  =  M  =  Tkw~L2. 
where 
w^total  load   per  sc}..  £t. 
1  =  center  to  center  span. 

J  ~/3  -0  7S  "Sffff/crffe'^XpanGfea'/lfffa/.        Area  -  O'.  O7S3p.  //?.  /><?/-  f?.  of  wot/A. 

{//}//•<$  /-/-esses 
/As.  /ye/-3$.  /n- 

/ 

O^O*?/?. 

<*'-o" 

•?-£' 

^-o" 

^-6~ 

6-0~ 

6-6" 

7-0' 

7-6  " 

S-o" 

<?-o" 

Concrete 

<$/-<?*:/ 

3" 

/•f? 

/OS 

78 

^0 

43 

3/ 

22 

43S 

/&S0o 

3* 

/78 

/3/ 

98 

73 

J3~ 

40 

Z<? 

/<? 

40-5 

4- 

Z/4 

/£8 

//£_ 

0? 

67 

^0 

36 

££• 

370 

.'• 

^* 

Z56 

/8S 

/4o 

/0£ 

So 

60 

4* 

3/ 

20 

340 

// 

5 

286 

2/3 

/£>/ 

SZZ 

73 

70 

^2 

37 

25 

3ZJ~ 

// 

6 

3£7 

2&t, 

2o/ 

/^3 

//7 

89 

£6 

40 

33 

Z90 

;    ..» 

7 

429 

3Z/ 

243 

/86 

/42 

/09 

62 

60 

42 

/S' 

zto 

* 

3 

3o'o 

374 

Z04 

Z/ff 

/67 

/27 

94 

7/ 

Jo 

/? 

Z4O 

" 

<? 

J74 

43o 

3Z7 

2SS 

/?3 

/4£ 

//2 

<93 

&£> 

24 

zza 

>. 

/o 

6*6 

«?£* 

36? 

2&3 

Z/ff 

/67 

/27 

94 

6S 

27 

2/0 

« 

// 

7/>? 

S3? 

4// 

3/4 

24^ 

/87 

/43 

/07 

77 

32. 

Zoo 

»  • 

'/2* 

7<?Z 

J?4 

453 

3#ff 

Z6<? 

207" 

/^S 

//<? 

03- 

36 

/90 

" 

35 


TABLES 


safe  //re  /oat/s  //> 


4-o' 


6-0 


7-6' 


9-o 


69 


£40 


/44 


£6_ 


67 


480 


82 


64 


•49 


37 


43S 


76 


2*4 


400 


/4Z 


//Z 


68 


69 


29 


37S 


376 


//Z 


07 


38 


330 


2/7 


84 


48 


22 


3Z/ 


234. 


/Z7 


99 


37 


27 


28o 


796 


607 


369 


Z3Z 


/47 


34 


260 


£<?£> 


68Z 


4/3- 


262 


/3o 


77 


3S 


243 


<?<?# 


368 


293 


/47 


37 


23o 


836 


323 


97 


3-/3-/23 


of 


3-6 


6-0" 


7-o" 


9-o 


/O-o"     //-o"     /2-o" 


94 


73 


3^9 


47 


6/0 


/  0,300 


3/9 


"7 


94 


39 


47 


28 


9/ 


73 


38 


33 


/9 


4-4S 


zo? 


/67 


/Of 


86 


43 


24 


433 


388 


J^4_ 


j$0_ 


3/ 


^?_ 


4ZS 


486 


379 


300 


240 


/37 


/27 


63- 


39 


/9 


380 


762 


362 


234 


/S3 


8/ 


49 


34S 


989 


333 


423 


340 


273" 


223 


/47 


96 


3/ 


32o 


/0/8 


782 


6/Z 


486 


3<7o 


3/6 


Z37 


2/0 


69 


37 


3oo 


J0_ 


87S 


688 


347 


440 


336 


236 


/26 


43 


SZ7S 


979 


767 


6/0 


398 


324 


263 


2/6 


09 


265 


/Z" 


/07& 


844 


672 


438 


337 


2-72 


99 


23 


safe  // 


.  £> 


J-7-/S 


Area  =<£?. 


a/* 


•Spa/? 


7-6 


7-o" 


/3-0 


Concrete 


3/4 


77 


63 


47S 


77 


464 


76 


77 


32 


S4/ 


62 


23 


4-76 


374 


72 


47 


470 


6 
7 
8 

9 
/o 


77/ 


373 


30/ 


/37 


92 


37 


/7 


9f7 


7/S 


47 


26 


/08/ 


#34 


343 


/JJ 


e? 


3/ 


75Z 


4S8 


377 


327 


272 


3S 


33o 


•37/ 


76 


44 


dL 


30^5- 


/6S0 


//97 


9-43 


6/3 


4/4 


343 


/77 


2-90 


67S 


436 


3/4 


2/7 


/47 


26 


4-o 


6-0" 


7-6 


//-O"  /2-o"    /3-0 


30& 


72 


47 


33 


730 


20? 


47 


/7 


7/o 


486 


#4 


4o 


643- 


4 


73/ 


70 


4ff 


/7 


836 


337 


/62 


38 


/0<f/ 


243 


73 


j49_ 


-3L- 


•470 


<?70 


770 


3^0 


274 


/77 


/27 


70 


62 


40 


44S 


726 


4/0 


208 


/S0 


73 


_£2L 


4/0 


332 


47Q 


376 


/24 


S6 


380 


/a 

/z" 


/880 


767 


446 


377 


37 


/ff 


360 


707 


304 


220 


Z30Z 


777 


463 


242 


/74 


/23 


32 


24 


3ZO 


safe  //'r<?  /a  oak  /'" 


p.ff. 


3-  ?- 


sa. 


4-6' 


6-0" 


6-6' 


<>-V 


/Z-o  /3-o'  xfcg-^  /J-o  /6Lo'  /7-o 


S<9-0 


~o/Tcrerf 


Sfee/. 


209 


/70 


9-S 


79 


2+ 


750 


/69 


/*/ 


fl.f 


60 


42 


28 


/7,20o 


&/Z 


322 


267 


223 


/S9 


43 


29 


/8 


'73O 


/8,foo 


7/2 


376 


Z6Z 


22/ 


/36 


/oo 


73 


sz 


36 


Z3 


67S 


l.f/f 


30/ 


2S4 


Z/6 


as 


6/ 


43 


29 


630 


ft// 


6J7 


449 


377 


3/9 


27/ 


/off 


7? 


38 


23 


560 


/ZZ3 


79o 


6£o 


435 


328 


Z4t 


/3Z 


97_ 


3o_ 


4J-. 


JZ. 


760 


632 


450 


384 


Z8Z 


//S 


03 


38 


38 


46o 


87Z 


726 


&/0 


3/8 


4-41 


S4*. 


/34 


9* 


j&_ 


4* 


26 


430 


8/7_ 


687 


583_ 


4?7_ 


273 


204 


78 


52 


30 


263/ 


9/0 


7U 


649 


409 


305 


Z29 


/70 


/ZS 


89 


60 


36 


385^ 


ZSW  2258 


/4H/ 


7/7 


6/Z 


330 


/89 


99 


4o 


/9 


3-7-30 


54  ••  ss>. 


6-0' 


&'-£' 


7-0 


7-* 


£-0 


9-0 


/o'-o" 


/2-0 


/7-ff 


\ff 


+36, 


353 


279 


224 


/82 


/03 


6/ 


42 


28 


7SO 


/ '3,500 


397 


320 


26Z 


/8f 


/52 


/Zg 


92 


66 


47 


33 


4 
~4f 


674 


297 


249 


Z// 


/79 


97 


7/ 


37_ 


//oz 


38Z 


3Z2 


273 


/73 


/29 


97 


73 


.54,. 


33_ 


26 


/259 


98Z 


784 


637 


4-38 


3/4 


269 


/ff 


/49 


8-f 


63 


46 


32. 


Z/ 


70O 


/574 


797 


658 


S44 


463 


394- 


337 


ZS/ 


/89 


/43 


8/ 


60 


42 


28 


62o 


/89/ 


/47S  //79 


9S9 


79Z 


66Z 


47S 


408 


304 


229 


/74_ 


/33 


74 


S4_ 


56o 


/72/ 


/37£ 


924 


773 


&S3 


47t> 


269 


20S 


88 


64 


44 


28 


3/5 


zszt, 


/<?70 


/Z83 


749 


638 


£47 


409 


237 


/38 


76 


53 


34 


/o 


22/7/774 
2-#72  /974 


/444 
/60g 


99S 


ff44 


7/9 


6/7 


3SO 


ZA2. 


_^L 


60 


J2. 


/329 


94-/ 


80Z 


Z99 


230 


/3Z 


98 


£9 


46 


^z 


26 


420 


2722 


Z/79 


/773\/466 


884 


75? 


368 


432 


33/ 


254 


/94 


/47 


"<S  fee/ere  fe 


>0.y.  n 


Area  =  0.330  J&.  /'n./>er /?.  of  HS/qfM 


"S  fee/ere  A? 


6-6*  7-0    7-6 


/0L0 


//-a 


/2 


/3-0 


/7-o" 


/S:o~  Concrffe 


480 


372 


294 


/93 


63 


20 


730 


/ZZ00 


3*. 


632 


3Z9 


340 


/93 


/62 


.52 


37 


ZS 


707 


4S7 


176 


3/3 


2^3 


222. 


77 


36 


4/ 


Z0 


/3,400 


//66 


9/0 


726 


390 


488 


407 


343 


Z92 


/4o 


80 


60 


44 


za 


367 


3/3 


236 


/06 


&L 


6/ 


22 


/&  Zoo 


/434 


773 


469 


403 


302 


Z3S 


'37 


/06 


S/ 


44 


67S 


2203 


/7Z3 


/379 


//2S 


93/ 


28_L 


363 


28o 


2/6 


/68 


/oo 


76 


40 


ZS76 


ZO/3  /6/3 


/3/S 


774 


3Z8 


ZS4 


48 


32. 


Z94S  2306 


£82L 


738_ 


6S3 


492 


378 


Z9Z 


223 


/7S 


S38 


79 


57- 


3? 


320 


jo_ 

/2" 


33ZO 


1Q79 


/406 


/ooo 


736 


336 


4Z7 


330 


Z3S 


ZO/ 


/36 


43 


_  3694  289/  23/4 


407O  3/85  Z£50  ZoffZ  /7Z6 


/3/3 


9S3 


S2/ 


620 


476 


36? 


2Z6 


/03      73      32 


460 


/J4?  /ZZ9 


906 


£26 


408 


3/9     Z50 


/9S 


34 


44o 


3-  &  -  40    <5  fee/e 


0.  400  -s<p.  //?  .  />er~/y-  of 


4-0' 


6-0 


6-6" 


8-0 


9- 


/o-a 


//-o 


/2-a 


-o*  /4~£>  /•S-^o'  /6~0*  /7-o 


3" 


303 


J89 


/67 


98 


70 


49 


-34 


Z3 


7/3 


336 


Z9Z 


203 


77 


36 


40 


28 


/2,  £00 


743 


J92 


330 


Z7S 


Z36 


/48 


83 


62. 


43 


32. 


z/ 


S4.Z00 


/-g/f 


952 


76  o 


6f<? 


4Z7 


36/ 


307 


48 


24_ 


/3,3oo 


//££ 


773 


434 


387 


33? 


88 


67_ 


32- 


-23- 


Z0<?0 


#88 


632 


467 


333 


Z// 


/66 


/30 


79_ 


60 


43 


3Z 


730_ 


ZS/3 


/S7g  /2S9 


/069 


S9S 


763 


633 


3H.3 


4Z7 


329 


2S7 


ZQZ 


76 


^7- 


'£60 


Z938 


$9* 


76? 


660 


3OO 


386 


Z38 


/SS 


66 


30 


3368 


2638 


Z//6 


/728 


/434 


/2o6 


/OZ4 


878 


738 


376 


444 


348 


/7Z 


/3S 


/0S 


60 


363 


/o 


3793  Z970 


/3£9 


649 


JO/ 


393 


Z46 


/2o 


33  o 


4Z/8 


33,03 


Z6SZ  Z/63  /798  /S/Z 


/ZSS 


//o/ 


7Z3 


SSf 


439 


347 


Z73 


Z/8 


/73_ 


/33 


/04_ 


/z 


Z9Zo 


Z388  J98/ 


/666 


/4/6 


/2/4 


/0£0 


7<?8 


6/8 


484 


383 


304- 


Z4Z 


/30 


//£. 


fl7 


47o 


3-  6- 


of  w/JM 


4'-*' 


-S- 


7-* 


S-o 


/8- 


404 


/7<£_ 


/4S 


73 


32 


37 


730 


738 


£24_ 


43J_ 


220^ 


30j<L 


/79 


ff/ 


39 


43 


30 


772 


zio 


88 


49 


Z4 


/3,2oo 


A44 


332 


44t_ 


3Z/ 


Z7S 


69 


3Z 


38 


Z7 


/4f40o 


/S74 


98S 


472 


403 


347 


Z6/ 


zoo 


/34 


/zo 


93 


7Z 


34 


40 


Z9 


/f 


/4/7 


/tfg_ 


SAL 


£Q8. 


308 


Z9ff 


Z33 


/84 


/46 


7' 


40 


/7,8oo 


2823 


Z2/3 


/207 


74/ 


486 


379 


29ff 


Z36 


/89 


93 


74 


37 


70S 


/8,3oo 


/700 


/a// 


869 


7S/ 


37Z_ 


444 


330_ 


/4Z 


88 


6  so 


ZftJ 


2374  /94S 


6S7 


40Z 


3Z0 


ZS7 


/6S 


80 


/o 


2/94 


97/ 


74/ 


377 


433 


36Z 


Z90 


Z33 


/87 


/49 


//S 


9/ 


363- 


4743  37 /S 


t*432O3/_ 


SZ7 


643 


308 


403 


3ZS 


Z6/ 


Z/0 


/33 


/04 


7/o 


36o 


447 


359 


ZS9 


Z3Z. 


3  OS 


4-0 


3-0' 


6-0* 


7-o 


7-6 


8-0 


/ff'-o 


/Z-o 


/3-o' 


/4-0 


/6-o 


/7-o" 


638 


3SS 


302 


2/9 


/22 


7Z 


70 


32 


3g 


Z7 


/3Zo 


/030 


824 


67Z 


393 


333 


27_ 


74_ 


42 


/62g  /27S 


632 


667 


490 


340 


/26 


9ff 


76 


38 


32 


97? 


7/4 


6/2 


&// 


Z44 


/93_ 


£7_ 


3/3/ 


2433  /973 


/6/+  /34Z 


963 


7/7 


427 


33S 


27o 


2/7 


72 


J6(,o  Z87o  Z303  /S8S 


/3Z3 


//27 


769 


foz 


397 


3/J 


202_ 


/3S 


86 


3288  Z643  Z/66 


/8o/ 


/Z94 


764 


73? 


457 


294 


Z3? 


/Z6 


/o/ 


640 


4726  3703  297?  Z438  Z0Z?  /7/0 


/438  /234  /0£7 


£33 


6s/ 


•4/3 


334 


Z7/ 


32 634/23  332  / 


7Z7 


£22- 


374L 


304 


247 


Zoo 


/62 


/30 


£65 


Z49o  Z/eo 


/79o 


/024 


633 


273 


22/ 


/79 


/43 


540 


40 


/0s.  /> 


4-0 


/4-0- 


/6-0 


46Z 


3/7 


/Af 


<*# 


42 


27 


7S0 


//,000 


//<77 


50? 


4/7 


3S4 


/4S 


63 


46 


33 


22 


//fa 


770 


637 


£34 


38S 


247 


/46 


87 


66 


36 


22/S 


/73S  /37/ 


74.7 


673 


£77 


37,9 


272 


228 


/42 


Sg 


3S 


7 
8 


Z373 


/7a6  /S60 


/0?2 


777 


/67 


/34 


/0<f 


67 


/7,/0o 


870 


3035  24J6 


/02S  <?7? 


535  424 


27* 


224 


740 


4  4 fg  3473 


2£07  2303 


/6/7  /37S 


770 


472 


320 


^6/ 


2/3 


670 


70/ 


447 


J64 


277 


2^2 


/30 


640 


562S 


334 


273 


605 


/44/ 


67s" 


S73 


/As  />t?r  s?.  //). 


•?-£' 


/0-0 


//-o' 


/3-0' 


474 


274 


232 


/7/f 


/46 


/07 


ff/ 


40 


44 


7S0 


433 


267 


47 


466. 


342 


70 


27 


302 


716 


72 


72 


7-57 


J4S 


4Z5 


/74 


/40 


7/ 


443 


272 


/27 


543 


437 


357 


240 


/761 


/6Z 


/33 


/A  £00 


772 


406 


Z74 


27.T 


/52 


/42£  //0d 


67/ 


£37 


456 


374 


30<? 
34? 


2/o 


/72 


233 


600 


41 


(Ennsnlifcateb  lExpantoii  Urtal 

PITTSBURGH  NEW  YORK 

REGISTERED 

NEW  YORK,   May  1,   19 

We  are  herewith  enclosing  additional  tables  for  stone 
concrete,  showing  the  safe  working  loads  for  *  * Steelcrete"  Expanded 
Metal,  based  on  the  following  stresses  :- 

Concrete  650  Ibs .  per  sq.  in. 
Steel  16,000   "    »   "   " 

The  Building  Department  of  the  Borough  of  Manhattan  at  present 

allows  the  above  stresses  in  stone  concrete,  using  a  bending 

Wl  Wl 

moment  of  —  for  continuous  spans  and  —  for  simple  spans.   While 
J.U  o 

you  will  notice  the  enclosed  tables  are  figured  on  a  bending  moment 

Wl  Wl    Wl 

of  Yo  >  the  safe  loads  figured  on  a  bending  moment  of  -—  or  — 

L<I  y     10 

O         ]A 

may  be  found  by  taking  —  or  —  of  the  loads  given  in  the  tables, 

J-<<        \-(*j 

after  adding  the  weight  of  the  slab. 


43 


^_          For  example  :  Find  the  safe  live  load  which  a  4 

"Stcelcrete 

inch  slab,  reinforced  with  3-13-10  * ' Steelcrete" 


RIOI8TIRID 


Expanded  Metal,  will  carry  on  a  simple  span  of  6  feet, 
with  the  unit  stress  in  the  concrete  and  steel  650  and  16000  Ibs. 
per  sq.  in.,  respectively. 

Looking  in  the  table,  we  find  for  the  above  conditions  with 

Wl 
a  bending  moment  of  y^*  the  safe  live  load  is  84  Ibs.  per  sq.  ft. 

Adding  the  weight  of  a  4  inch  slab,  50  Ibs.,  gives  a  safe  total  load 

o 

of  134  Ibs.   Then,  —  of  134  Ibs.  gives  89  Ibs.  safe  total  load,  and 
by  deducting  the  weight  of  the  slab,  gives  a  safe  live  load  of 
39  Ibs.  per  sq.  ft. 

Kindly  insert  these  tables  in  your  ''Steelcrete"  Expanded 
Metal  Catalog  after  page  42. 

Yours  truly, 

THE  CONSOLIDATED  EXPANDED  METAL  GO'S. 


•Tor  use    with 

GRAVEL  OR  STONE.  CONCRETE. 


Maximum  5+ress  in  5teel=  16,000  Ibs.  per  s<^.  inch 
Maximum  S+ress  in  Concrete  =650  Ibs.  per  sq.  inch. 

Maximum  Bending  Momen+  =  M 
where 

w^+o+al   load   per  sq.  ff. 
"L  =  cen-fer  -fo  cerrfer  span. 
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THE  "STEELCRETE"  BEAM  WRAPPER. 

The  Expanded  Metal  Steelcrete  System  of  beam  wrapping  has  been  developed  to  meet 
the  requirements  of  the  new  rule  of  the  Bureau  of  Buildings  for  the  Borough  of  Manhattan. 

Until  the  advent  of  our  system  there  had  been  no  standard  used,  every  one  having 
some  home-made  device  of  his  own,  and  the  result  has  been  that  considerable  trouble  has 
resulted  from  the  concrete  breaking  away  from  the  beams  and  falling.  With  our  system 
this  is  impossible. 

Our  beam  wrapping  material  consists  of  3"  No.  16  guage  (stubbs)  Steelcrete  Expanded 
Metal,  in  strips  two  diamonds  wide  and  six  feet  long.  It  is  of  the  proper  size  for  wrapping 
the  soffits  of  beams  from  the  smallest  to  twenty-four  inches. 

One  size  of  material  only  is  required  to  cover  a  large  range  of  beams,  which  is  ex- 
tremely desirable  and  economical. 

In  special  width,  for  instance  where  two  beams  come  together,  we  can  furnish  this 
material  three  or  four  diamonds  wide. 

The  material  is  easy  to  apply  and  cannot  be  spaced  unevenly  or  displaced  when  once 
in  position. 

The  following  illustrations  explain  our  "Expanded  Metal  Steelcrete  System  of  Beam 
Wrapping." 


The  above  shows  the  way  the  material  is  received. 
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It  is  then  cut  as  shown  with  a  pair  of  tinner's  snips  or  shears, 


The  strands  are  then  pulled  out. 


And  the  material  applied  to  the  soffit  of  the  beam. 

When  the  concrete  is  applied  it  is  bonded  by  the  beam  wrapping  and  cannot  loosen. 
A  bundle  contains  three  packages  or  900  lineal  feet. 
Approximate  weight  per  bundle — 100  Ibs. 
Architects  and  Engineers  should  specify  as  follows: 

'The  Expanded  Metal  Steelcrete  System  of  Beam  Wrapping  shall  be  used  on  the 
soffits  of  all  beams." 

This  System  meets  all  requirements  of  the  Bureau  of  Buildings  for  the  Borough  of 
Manhattan  as  can  be  seen  from  the  reproduction  of  their  letter  on  the  following  page. 


THE     BUREAU     OF    BlJlLDINGS 

FOR     THE    BOROUGH   Of  MANHATTAN 


22O    FOUrtTH   AVENUE 

S»  W.  CORNER  16  T7   ST. 


RUDOLPH     P     MH.LER.  Dtmr  TTIP 

eu*i<t>NT«M»i<T      RPM...BI      NEW  YORK  cur  Sept  .30  ,  1910. 


Consolidated  Expanded  Metal  Co. 

1182. Broadway,  City. 
Gentlemen: 

In  reply  to  your  inquiry,  the  Steelorete  Sys- 
tem of  Beam  Wrapping,  as  you  have  explained  it  to  me  and 
as  outlined  in  the  drawings  which  you  submitted,  made  of 
three-inch  #16  expanded  metal,  meets  the  requirements  of 
this  bureau  for  the  wrapping  of  the  soffits  of  beams  in 
fireproof  construction. 

vours  truly. 


Superintendent 


NEW    YORK     CITY    FLOOR    SLAB    TESTS. 

As  a  precedent  condition  to  the  use  of  any  type  of  reinforcement  in  cindei  concrete 
in  Greater  New  York,  it  is  required  that  the  system  in  question  shall  be  submitted  to  a 
load  test.  This  load  test  is  made  on  a  sample  floor  slab  constructed  as  nearly  as  possi- 
ble under  the  same  conditions  as  would  be  encountered  in  the  practical  application  of  that 
system.  The  material  used  for  applying  the  load  is  pig  iron,  steel  billets,  or  any  other 
suitable  material.  One-tenth  of  the  load  sustained  by  the  slab  is  approved  for  a  safe  live 
load  in  the  design  of  floor  slabs  with  that  reinforcement  of  a  span  not  greater  than  that  ac- 
tually tested  and  otherwise  constructed  the  same.  Any  variation  in  span,  thickness  of  slab 
and  size  of  reinforcement  requires  a  separate  load  test. 

In  accordance  with  these  requirements  and  as  a  precedent  condition  to  the  same  being 
used  in  New  York  City,  this  Company  constructed  and  tested  the  systems  hereafter  given 
with  the  results  noted  on  each  one.  The  materials  used  were  Lehigh  Portland  Cement, 
ordinary  commercial  sand,  and  steam  hard  coal  cinders  in  the  proportions  of  1:2:5  respec- 
tively. The  slabs  were  approximately  30  days  old  when  tested.  The  loads  actually  sus- 
tained were  in  every  case  ten  times  the  load  for  which  it  was  approved.  A  distinguish- 
ing feature  of  these  tests  consists  in  that  the  reinforcement  was  not  a  continuous  sheet  over 
the  whole  span,  but  was  made  by  lapping  the  ends  o(  two  sheets  of  mesh  (8)  inches 
or  one  diamond.  This  lap  was  made  at  the  center  of  the  span  where  the  greatest  stress 
would  come  upon  it.  This  unusual  test  was  made  by  the  authorities  of  the  Building  Dept. 
of  Greater  New  York,  in  order  to  comply  with  that  portion  of  the  code  which  required  that 
the  reinforcement- should  be  laid  as  nearly  as  possible  to  the  same  conditions  as  might  be 
encountered  in  practice.  Inasmuch  as  it  was  desired  to  use  this  mesh  in  continuous  work, 
all  requirements  would  be  met  in  the  tests  as  made.  The  result  of  this  feature  of  the  test 
was  a  strong  confirmation  of  the  assertions  of  this  company  in  this  respect.  In  every 
instance  the  slabs  were  tested  to  destruction,  and  in  every  instance  the  failure  was  in  the 
steel  outside  of  the  lap.  The  lap  remained  intact  and  there  was  not  the  slightest  indication 
of  failure.  The  sheets  of  expanded  metal  were  wired  together  at  the  lap  every  three  feet 
in  accordance  with  standard  practice.  This  insures  the  correct  position  of  the  reinforce- 
ment during  the  pouring  of  the  concrete. 
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COAL  WASHERY  AND  PIT  BUILDING,  CAMBRIA  STEEL  Co. 

Floors,  Bins  and  Outside  Walls  of  Steelcrete  Expanded  Metal  Construction. 
Messrs.  Heyl  &  Patterson,  Engineers. 


SEWERS 

AND 

CONDUITS 


PITTSBURGH  NEW    YORK 


SEWERS  AND  CONDUITS. 

Reinf orced-concrete  sewers  and  conduits  were  developed  early  in  the  history  of  reinforcement. 
The  resistance  to  corrosion  of  this  material  in  damp  and  wet  soil  and  its  susceptibility  to  special 
design  over  uncertain  ground  and  through  varying  depths  of  fill,  alike  drew  the  attention  of  en- 
gineers to  its  possibilities.  With  the  installment  of  the  first  reinforced  concrete  sewer,  "Steel- 
crete"  expanded  metal  mesh  entered  this  field  of  usefulness  and  the  long  list  of  notable  sewers, 
conduits,  culverts  and  like  structures  in  which  this  material  has  been  used  bears  indisputable 
evidence  to  the  adaptibility  of  this  reinforcement  to  this  type  of  structure.  "Steelcrete"  mesh 
possesses  the  happy  combination  of  the  two  essential  requirements:  (1)  that  of  being  theoretically 
correct,  (2)  that  of  being  essentially  practical.  We  submit  twelve  reasons  why  "Steelcrete" 
mesh  is  superior  for  this  particular  type  of  structure  to  all  other  fabricated  meshes  or  systems  of 
reinforcement.  Six  of  these  reasons  are  theoretical  considerations  and  six  practical  ones. 

WHY  "STEELCRETE"  IS  SUPERIOR. 

(1)  It  possesses  a  high  elastic  limit— not  less  than  55,000  Ibs.  per  sq.  in.      This  is  not  attained      Theoretical 

at  the  sacrifice  of  quality  or  uniformity.      "Steelcrete"  is  not  a  brittle  and  inferior  steel  but  a      Considerations 

tough,   cold-drawn  product  with  no  equal   in  the   market   for  uniformity  of   strength.       The 

stresses  encountered  in  sewer  and  pipe  construction  are  uncertain  and  may  exceed  the  calculated 

ones  in  apparently  normal  conditions.      The  need  of  a  uniform,  tough  and  reliable  steel  is  at  once 

apparent. 

(2)  It  provides  against  concentrated  loads.      Its  diamond-shaped  structure  enables  it  to  distri- 
bute the  effect  of  a  sudden  local  load  over  a  great  many  strands.     No  better,  nor  more  ingenious 
method  could  be  devised  for  this  important  function.     With  straight-line  reinforcement  only  three 
or  four  strands  are  available,  and  sudden  or  concentrated  loads  are  exceedingly  injurious  in  such 
cases. 

(3)  Attains  a  perfect  bond  in  the  concrete.     This  is  due  to  its  mesh  shape  which  does  not  per- 
mit any  slipping  and  there  is  no  possibility  of  it.      The  concrete  and  steel  remain  intact.      No 
peeling  or  scaling  of  the  concrete  when  subjected  to  heavy  load. 
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(4)  Perfect  distribution  of  Steel.  Every  foot  of  width  possesses  the  theoretical  amount  of 
steel.  The  accuracy  hore  attained  is  inconceivable  in  loose  rod  reinforcement.  Misplaced  rods, 
even  to  a  slight  extent,  increase  the  working  stresses  in  part  of  the  steel.  Unit  stresses  that  the 
specifications  rigidly  state  must  not  exceed  15000  or  16000  Ibs.  per  sq.  in.  in  the  calculations, 
in  practice  easily  exceed  20000  and  even  30000  Ibs.  per  sq.  in.  by  occasional  grouping' of  loose  rods 
or  bent  and  twisted  wires  in  a  mesh. 

(5)  Longitudinal  reinforcement.  The  sub-soil  of  sewers  and  conduits  invariably  possesses  soft 
spots  or  even  holes.  "  Steelcrete  "  mesh  possesses  strength  in  the  longitudinal  direction  of  the 
pipe  equal  to  one  thira  the  strength  in  the  circumferential  direction.  The  theoretically  correct 
amount  in  the  longitudinal  direction  can  never  be  known.  This  reinforcement  automatically 
provides  a  liberal  amount  ample  to  take  care  of  any  normal  condition. 

(6)  Temperature  stresses  are  guarded  against.  These  are  sure  to  be  encountered  and  must  be 
provided  for.  Temperature  cracks  mean  leaky  construction.  The  form  of  the  mesh  provides  a 
positive  reinforcement  against  these  uncertain  but  definite  stresses. 

Practical  (7)  "Steelcrete"  mesh  is  essentially  a  fool-proof  reinforcement.     With  the  use  of  this  material 

Considerations.  the  man  with  the  brains  that  designs  the  construction  obtains  from  the  unskilled  laborer,  to  whom 
theoretical  considerations  are  as  meaningless  as  Sanskrit,  an  efficiency  ot  100  per  cent  with 
ordinary  every  day  inspection. 

(8)  "Steelcrete"  Mesh  is  a  stiff  reinforcement.  It  holds  its  position  in  the  forms  in  a  way 
that  no  other  mesh  equals.  As  the  shape  of  the  fabric  provides  a  perfect  distribution  of  the  steel 
in  a  horizontal  direction  or  in  the  plane  of  the  sheet,  so  its  stiffness  insures  a  like  perfect  distribu- 
tion in  a  vertical  direction  or  in  a  direction  at  right  angles  to  the  plane  of  the  flat  sheet.  In 
other  words,  it  lies  taut  in  place.  No  waves  or  warps  to  be  hammered  out  or  offer  elements  of 
weakness.  Some  fabricated  wire  reinforcements  advertise  the  fact  that  the  joint  between  the 
cross-wire  and  the  main  longitudinal  wire  is  a  hinge,  i.e.,  will  permit  the  buckling  of  the  sheet  in 
a  vertical  direction.  This  may  be  an  advantage  in  some  structures  but  it  can  be  nothing  but  a 
detriment  to  a  fabric  to  be  used  in  sewer  work  or  in  flat  floors.  Engineers  will  be  found  to  be 
unanimous  in  agreeing  that  it  is  far  more  important  to  have  the  reinforcement  placed  correctly 
in  a  vertical  direction  than  in  the  horizontal.  In  this  respect  "  Steelcrete  "  mesh  is  unequaled. 
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(9)  It  is  cheaper  to  install .  Requires  less  labor  than  any  other  mesh  or  system  of  rods.  It  is 
not  sufficient  to  have  the  requisite  amount  of  steel  embedded  in  every  100  ft.  of  pipe.  It  must 
be  properly  distributed  in  every  foot  of  the  length.  On  the  other  hand  the  cost  of  installation 
must  be  reasonable.  "Steelcrete"  arrives  on  the  job  in  flat  sheets  of  standard  lengths.  It  is 
easy  to  handle.  Requires  very  little  room  to  store  many  tons  of  it.  The  contractor  does  not 
have  to  install  a  small  plant  to  bend  and  cut  the  steel  to  the  required  shape.  This  material  is  30 
well  known  everywhere  that  it  is  sufficient  to  call  attention  to  the  fact  that  the  bending  into  a 
circular  shape  or  any  round  bend  is  an  exceedingly  simple  operation. 

(10)  It  is  easy  of  inspection.     What  this  means  to  the  engineer  and  contractor,  the  average 
man  will  never  fully  appreciate.     No  more  unsatisfactory  and  trouble-brewing  system  can  be 
found  than  the  complicated  network  of  bars  sometimes  attempted  in  the  effort  to  save  the  first 
cost  of  steel  only.     The  inspection  incumbent  on  such  method  if  honest  results  are  to  be  attained, 
is   an   endless   source  of  delay,   anxiety,  and  worry  to  all  parties  concerned.     The  situation  is 
serious  enough  in  a  flat  floor  slab  and  the  difficulty  of  placing  the  reinforcement  even  there  is 
recognized,    but   the  complications   encountered  in  a  circular  or  egg-shaped   sewer   where   the 
reinforcement  has  to  cross  the  neutral  axis  and  lay  close  first  to  the  inside  circumference  then  to 
the  outside,  crossing  at  critical  points,  makes  the  use  of  a  positive  system  of  reinforcement  an 
essential  feature  of  first  class  work. 

(11)  It  can  be  placed  quickly.     This  means  a  saving  in  overhead  charges.     This  feature  has 
been  overlooked  by  a  great  many  engineers  and  architects  in  the  past.     The  injection  of  modern 
business   methods  and  book-keeping  by  the  large  contracting  firms  into  ordinary  construction 
work  has  brought  forward  this  important  point  to  the  prominence  it  is  entitled  to.     The  saving 
in  labor  by  the  use  of  ' '  Steelcrete ' '  mesh  is  only  half  of  the  total.     A  real  and  true  saving  exists 
in  the  cutting  down  of  the  overhead  charges  which  may  easily  and  often  does  exceed  the  totai 
labor  charges.     This  saving  is  effected  by  the  consequent  speed  of  the  construction.     In  other  words 
if  a  contractor  can  lay  a  certain  number  of  feet  of  sewer  a  day  with  a  given  number  of  men  by  the 
use  of  "Steelcrete"  mesh  and  in  doing  so  he  cuts  down  the  time  by  twenty  or  thirty  per  cent,  to 
the  labor  saved  must  be  added  saving  in  overhead  charges  which  consists  of  superintendence, 
interest  on  investment  of  plant,  office  expenses,  etc.,  all  of  which  are  real  and  vital  expenditures 
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"  Steelcrete"  can  be  laid  more  quickly  and  more  satisfactorily  than  any  other  type  or  system  of 
reinforcement  yet  devised. 

(12)  Last  but  not  least  is  the  long  list  of  successful  and  notable  sewers  and  like  structures  in 
which  this  material  has  been  used.  These  structures,  because  of  their  importance,  have  neces- 
sarily commanded  the  highest  talent  in  the  engineering  profession.  The  use  of  "Steelcrete" 
mesh  in  this  work  is  the  highest  endorsement  this  material  could  have. 

CONDITIONS  IN  PRACTICE. 

On  account  of  the  uncertain  nature  and  material  of  the  foundations  of  ordinary  sewers  and 
the  varying  conditions  of  the  point  of  application,  as  well  as  the  direction  and  the  amount  of  the 
loads,  the  design  of  sewers  is  rarely  susceptible  to  a  rigid  mathemetical  investigation.  Our  table 
of  sizes  and  reinforcement,  found  elsewhere  in  this  pamphlet,  is  not  based  on  a  mathematical 
analysis,  but  on  good  modern  practice.  For  a  more  complete  discussion  of  the  design  of  rein- 
forced concrete  sewers  we  would  refer  you  to  an  article  by  Mr.  Ernest  McCullough  in  Engineer- 
ing Record  of  Feb.  27,  1909,  and  Bulletin  No.  22,  University  of  Illinois  April  29,  1908. 

The  following  article  is  reprinted  by  permission  of  Mr.  Arthur  N.  Talbot  from  Bulletin  No.  22, 
University  of  Illinois,  dated  April  29,  1908  on  reinforced  concrete  culvert  pipe,  etc. 

CONDITIONS  OF  BEDDING  AND  LOADING  FOUND  IN  PRACTICE. 

"If  the  layer  of  earth  immediately  under  the  pipe  is  hard  or  uneven,  or  if  the  bedding  of  the 
pipe  at  either  side  is  soft  material  or  not  well  tamped,  the  main  bearing  of  the  pipe  may  be 
along  an  element  at  the  bottom  and  the  result  is  in  effect  concentrated  loading.  The  result  is  to 
greatly  increase  the  bending  moment  developed  and  hence  the  tendency  of  the  pipe  to  fail.  This 
condition  may  be  aggravated  in  the  case  of  a  pipe  with  a  stiff  hub  or  bell  where  settlement  may 
bring  an  unusual  proportion  of  the  bearing  at  the  bell  and  the  distribution  of  the  pressure  be  far 
from  the  assumed  condition.  In  bedding  the  pipe  in  hard  ground  it  is  much  better  to  form  the 
trench  so  that  the  pipe  will  surely  be  free  along  the  bottom  element,  even  after  settlement  occurs, 
so  that  the  bearing  pressure  may  tend  to  concentrate  at  points  say  under  the  one  third  points  of 
the  horizontal  diameter  (or  even  the  outer  quarter  points).  This  will  reduce  the  bending 
moments  developed  in  the  ring. 
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"  In  case  the  pipe  is  bedded  in  loose  material,  the  effect  of  the  settlement  will  be  to  compress 
the  earth  immediately  under  the  bottom  of  the  pipe  more  completely  than  will  be  the  effect  at 
one  side,  with  the  result  that  the  pressure  will  not  be  uniformly  distributed  horizontally. 
Similarly,  in  a  sewer  trench,  if  loose  material  is  left  at  the  sides  and  the  material  at  the 
extremity  of  the  horizontal  diameter  is  loose  and  offers  little  restraint,  the  pressure  on  the  earth 
will  not  be  distributed  horizontally  and  the  amount  of  bending  moment  will  be  materially  different 
from  that  where  careful  bedding  and  tamping  give  an  even  distribution  of  bearing  pressure  over 
the  bottom  of  the  sewer. 

"In  case  a  small  sewer  in  a  deep  trench,  the  load  upon  the  sewer  may  be  materially  less  than 
the  weight  on  the  earth  above,  where  the  earth  forms  a  hard,  compact  mass  and  is  held  by  pres- 
sure and  friction  against  the  side  of  the  trench. 

"  In  case  a  culvert  pipe  is  laid  in  an  ordinary  embankment  by  cutting  down  the  sides  slopingly, 
it  is  evident  that  the  load  which  comes  upon  the  pipe  will  be  materially  less  than  the  weight  of 
the  earth  immediately  above  it.  If  a  culvert  pipe  replaces  a  trestle  and  the  filling  is  allowed  to 
run  down  the  slope,  the  direction  and  amount  of  the  pressure  against  the  pipe  will  differ  con- 
siderably from  that  which  obtains  in  a  trench  or  in  the  case  of  a  level  filling.  It  is  possible  in 
the  latter  case  that  the  small  amount  of  settlement  of  the  earth  directly  over  the  culvert  pipe, 
due  to  the  greater  depth  of  earth  on  the  adjacent  sections,  may  allow  a  greater  proportion  of  the 
load  to  rest  upon  the  culvert  pipe  than  would  ordinarily  be  assumed. 

"Attention  should  be  called  to  the  fact  that  the  distribution  of  the  pressure  by  means  of  earth 
under  and  over  a  ring  assumes  that  the  earth  is  compressed  in  somewhat  the  same  way  as  when 
other  material  of  construction  is  given  compression.  Unless  the  earth  has  elasticity,  the 
distribution  of  the  pressure  cannot  occur.  To  secure  the  uniform  distribution  assumed  the  ring 
itself  must  give  enough  to  allow  for  the  movement  of  the  earth  which  takes  place  under  pressure. 
This  is  especially  true  with  reference  to  the  presence  and  utilization  of  lateral  restraint,  and  a 
ring  which  does  not  give  laterally,  as  for  example  a  plain  concrete  ring,  will  not  develop  lateral 
pressure  in  the  adjoining  earth  under  ordinary  conditions  of  moisture  and  filling  to  any  great 
extent.  As  the  conditions  of  earth  and  moisture  produce  mobility  and  approach  hydrostatic  con- 
ditions, the  necessity  for  this  elasticity  and  movement  do  not  exist,  but  here  the  lateral  pressure 
approaches  the  vertical  pressure  in  amount  and  the  bending  moments  become  relatively  smaller. 
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'  •  The  discussion  is  sufficiently  extended  to  indicate  the  importance  of  care  in  bedding  culvert  pipe 
and  sewers  and  in  filling  over  them,  and  to  indicate  the  great  difference  in  the  amount  of  bending 
moment  developed  with  different  conditions  of  bedding  and  filling.  Where  there  is  any  question 
of  needed  strength,  it  will  be  money  well  expended  to  use  care  and  precaution  in  bedding  the  pipe 
and  in  filling  around  and  over  it.  I  am  convinced  that  a  little  extra  expense  will  add  considerable 
stability,  life,  strength,  and  safety  to  such  structures,  far  out  of  proportion  to  the  added  cost. 
It  is  possible  that  under  careful  conditions  of  laying,  lighter  structures  may  be  used  with  a  saving 
in  the  cost  of  construction." 

^n  The  following  extract  is  taken  from  an  article,  in  Engineering  Contracting  of  Dec.  29,  1909, 

Endorsement.         on  Methods  and  Cost  of  Constructing  Concrete  Sewers  at  Richmond,  Ind.,  by  Mr.  Fred  R.  Charles, 
City  Engineer. 

"We  used  plain  rods,  twisted  rods  and  lug  bars,  our  experience  showed  that  the  lug  bars 
were  the  best  of  the  three  as  they  were  easier  maintained  in  position.  But  this  method  of 
reinforcement,  although  affording  ample  strength,  was  tedious  to  place  and  hard  to  keep  placed, 
and  after  thoroughly  trying  it  a  change  was  made  to  Expanded  Metal,  which  speedily  proved  itself 
much  superior  in  these  respects." 


Sketches  showing  position  of  reinforcement  in  circular  sewers  and  conduits  given  in 
accompanying  tables.  Note  that  when  using  one  layer  of  reinforcement,  the  steel  should  be  within 
one  inch  of  the  inside  surface  at  the  top  and  bottom  of  the  ring  and  within  one  inch  of  the  outside 
surface  at  the  sides.  When  two  layers  of  reinforcement  are  used  they  should  be  within  one  inch 
of  the  inside  and  outside  surface  as  shown  in  the  above  sketch. 


TABLES  OF  "STEELCRETE"  REINFORCEMENT 
FOR  SEWERS  AND  CONDUITS. 

Inside  Thickness  Size  of  expanded 

Diameter  of  concrete  metal 

2'6"  3  1/2"  3-9-15 

3'0"  3  1/2"  3-9-20 

3'6"  3  1/2"  3-9-20 

4'0"  3  1/2"  3-9-25 

4'6"  4        "  •   3-9-25 

5'0"  4  1/2"  3-9-30 

5'6"  5        "  3-9-30 

6'0"  5  1/2"  3-9-35 

6^6"  6        "  3-9-35 

7'0"  6  1/2"  3-6-40 

7'6"  7        "  3-6-45 

8'0"  7  1/2"  3-6-50 

For   egg  shapea  sewers  use  same  size  of  expanded  metal  and  thickness  of  concrete,  the 
diameter  given  in  the  table  being  the  horizontal  diameter. 

Under  ordinary  conditions  these  sewers  may  be  used  for  any  depth  of  fill  and  when  required 
to  sustain  a  heavy  live  load,  such  as  a  road  roller,  the  depth  of  fill  should  be  not  less  than  3'0"  for 
the  given  size  of  reinforcement.  When  severe  conditions  of  loading  and  bedding  are  encountered 
it  is  preferable  to  use  two  layers  of  expanded  metal,  one  near  the  inside  and  one  near  the  outside. 
A  double  reinforcement  will  generally  provide  for  all  contingencies.  When  using  two  layers  of 
"  Steelcrete  "  reinforcement  select  the  next  size  of  mesh  lighter  than  that  shown  in  the  table. 
It  is  important  to  note  that  in  placing  ' '  Steelcrete "  reinforcement  in  sewers  and  conduits 
the  long  way  of  the  diamond  should  lie  in  the  direction  of  the  circumference  and  the  short  way  of 
the  diamond  in  the  direction  of  the  axis  of  the  pipe.  This  will  give  the  strongest  method 
of  reinforcement.  * 


OUTFALL  SEWER  ACROSS  TIDE- WATER  MARSH 
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Twin  Water  Conduit,  Newark,  N.  J.     Cedar  Grove  Reservoir  System. 

«^ 

Designed  by  Mr.  Morris  K.  Sherrerd,  Chief  Engineer  of  Water  Department. 

Messrs.  Stewart  &  Abbot,  Contractors. 
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Section  showing  reinforced  Concrete  Aqueduct  for  City   of  Mexico.     Approximate  length 
seventeen  miles.     Over  two  million  square  feet  of  mesh  used  in  this  work. 
Senor  Manuel  Marroguin  y  Rivera,   "Technical  Director." 


Experimental  Test  of  a  Concrete  Conduit  reinforced  with  "Steelcrete"  Expanded  Metal 
for  the  Jersey  City  Water  Supply  Company. 

Test  at  21  days  on  section  8'6"  x  86"  x  lO'O"  long.  Walls  at  spring  of  arch  12  inches  and  at 
crown  5  inches.  Load  25  tons  steel  rails.  Only  slight  cracks  shown.  Total  deflection  seven- 
sixteenths  inches. 

Mr.  E.  W.  Harrison,  Consulting  Engineer. 


Water    Conduit — Torresdale  Filter  Plant — Philadelphia 

This  section  is  10  ft.  in  diameter  and  850  ft.  long,  the  water  in  this  conduit  being  under  a  20  ft.  head. 
Thickness  at  crown  10  inches  and  at  spring  16  inches. 

Mr.  John  W.  Hill,  Chtef  Engineer  of  the  Bureau  of  Filtration,  City  of  Philadelphia. 

Mr.   Daniel   J.    McNichol,    Contractor. 

"Steelcrete"   Expanded   Metal   used   throughout   this  large  filtration. 


A  reinforced  concrete  sewer  constructed  by  the  Solvay  Process  Co.  at  Syracuse,  N.  Y.  This 
sewer  was  to  take  care  of  20,000,000  gallons  of  water  per  day,  which  is  the  product  of  a  cooling 
process  in  their  extensive  plant.  The  length  is  2,000  ft.  and  over  50,000  sq.  ft.  of  "  Steelcrete  " 
Expanded  Metal  was  used  in  the  construction.  This  sewer  was  designed  by  Mr.  George  Root, 
Civil  Engineer  of  the  Solvay  Co. ,  and  constructed  under  the  general  supervision  of  Mr.  E.  M. 
"frump,  the  chief  engineer. 


A  Large  Sewer  in  Harrisburg,  Pa. 

This  sewer  is  three  miles  in  length  and  was  built  to  relieve  an  open  creek  from  the  discharge 
of  sewers  from  a  population  of  20,000.  The  form  is  a  parabolic  arch,  5  ft.  in  height,  with  an 
almost  flat  invert  and  walls  5  to  6  inches  thick.  The  problems  of  construction  were  many  and 
difficult.  "  Steelcrete  "  Expanded  Metal  was  used  throughout. 

Designed  by  Mr.  Jas.  H.  Fuertes,  Sanitary  Engineer  of  New  York  City. 

Mr.  S.  M.  Neff,  Contractor,  New  York  City. 
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Expanded    Metal    in    England. 

Typical  views  of  a  large  concrete  pipe  reinforced  with  Expanded  Metal,  in  course  of  construction. 
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Expanded  Metal — Concrete  Sewer.    Hartlepool  Borough  Council,  England. 

Mr.  H.  C.Crummack,  A.  M.  I.  C.  E.,  Engineer. 
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Standard  Manholes  used  in  New  York  City  by  the  Consolidated  Telegraph  and  Electrical 
Subway  Co.,  Mr.  Edwin  R.  Quimby  Chief  Engineer.  Nearly  4000  of  these  in  use  in  New  York 
City  alone.  The  cover  is  a  slab,  reinforced  with  "Steelcrete"  Expanded  Metal,  resting  on 
I  beams,  and  consumes  the  minimum  amount  of  space,  thus  giving  the  largest  obtainable  room 
for  operations  in  the  chamber.  This  construction  is  found  to  be  the  most  durable  and  economical. 
Where  marshy  soil  is  encountered  expanded  metal  is  placed  in  the  sides  and  bottom  also. 
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Steelcrete 
Expanded 
Metal  Lath. 


The  excellency  of  Steelcrete  Expanded  Metal  Lathing  as  compared  with  other  materials  is  an  absolute 
guarantee  of  the  only  end  desirable  in  the  use  of  a  lathing,  viz.,  to  clinch  and  hold  mortar.  This  is  its 
only  purpose,  and  any  lath  which  does  not  insure  these  results  is  a  failure.  It  is  impossible  to  plaster 
Steelcrete  Expanded  Metal  lath  without  securing  a  perfect  key  with  sufficient  mortar  on  the  reverse  side 
to  make  this  a  certainty;  and  the  argument  used  by  manufacturers  of  sheet  metal  lathing  is  that  their 
material  saves  mortar,  which  is  condemnation  of  the  material  itself.  It  is  the  mortar  which  makes  the 
wall,  not  the  lathing. 

From  the  time  it  was  first  put  on  the  market,  to  the  present  day,  it  has  remained  a  standard  lath. 
Many  imitations  and  substitutes  have  been  placed  on  the  market,  but  no  better  or  no  more  particularly 
economical  metal  lath  has  ever  been  produced.  Owners,  therefore,  are  particularly  interested  to  sec  the 
specifications  for  their  buildings  call  for  Steelcrete  Expanded  Metal  lath  that  they  may  secure  the 
most  efficient  results  in  construction. 


THIS  Is 
ONLY  LATCHED. 


THIS  is 
KEYED  MORTAR. 


The  above-mentioned  advantage  in  the  use  of  Steelcrete  Expanded  Metal  Lath  is  only  one  of  its 
superior  points  of  excellence.  The  closeness  of  the  mesh  and  the  abundance  of  key  make  it  possible  to 
attach  other  features  of  construction  without  injury  to  the  wall  or  other  portions  finished  in  the  lath  and 
plaster.  In  other  words,  it  is  possible  to  nail  baseboards,  door  and  window  trim  and  picture  moulding 
to  Steelcrete  Expanded  Metal  lath  walls  without  harm  to  any  portion  of  the  work. 

Our  lath  is  now  made  in  several  different  grades  to  meet  all  possible  conditions.  For  exterior 
stucco  work  it  is  desirable  to  push  the  mortar  well  through  the  lath.  This  requires  a  stiff  lath  having  large 
openings,  but  with  the  strands  not  too  far  apart.  The  Steelcrete  "A"  and  Steelcrete  "B"  lath  shown 
by  Figure  No.^J,  having  oblong  meshes,  meet  the  usual  requirements. 


THE  OTHER  SIDE. 


FIGURE  20.  STE.ELCRETE  "A"  AND  "  B  "  LATH. 


For  certain  interior 
work  it  it  desirable  to 
use  at  little  mortar   a* 
possible.     For  this  pur- 
pose the  openings  must 
be  small   and  the  lath 
itself  must  be  thin.     In 
such     cases     there     is 
nothing  better  than  our 
Steelcrete  Diamond 
lathe    illustrated  by 
Figure  N 0.21.     As  pre- 
viously stated,  it  is  im- 
gossible  to  plaster 
teelcrete  Expanded 
Metal    Lath    without 
securing  a  perfect  key 
with  sufficient  mortar  on  the  reverse  side 
to  make  this  a  certainty.     The  Steelcrete 
Diamond      Laths     are     also     particularly 
adopted  for  ornamental  furring. 

In  writing  specifications  it  is  desirable 
to  be  explicit  and  concise.  To  state  the 
guage  is  not  sufficient,  as  the  strands  might 
be  of  varying  width.  It  is  therefore  nec- 
essary to  give  the  weight  of  the  finished 
product  per  square  yard  as  well  as  the  guage. 
Specify  as  follows :  The  metal  lath  shall 
be  Steelcrete  Diamond  No.  24F  guage 
weighing  3.57  pounds  per  square  yard. 

For  method  of  applying  lath  see  specifi- 
cations on  pages  98  and  99. 

Order  lath  by  the  full  "designation" 
as  given  in  table  herewith,  giving  the 
number  of  square  yards  or  bundles  required. 


How   to 

Specify. 


How  to 

Order. 


Remember  it  is  always  shipped  in  full  bundles. 
For  example:  Ship  20  bundles  533  >3  square  yards 
Steelcrete  Diamond  24F  lath  painted  or  galvanized 
as  may  be  desired. 

Staples  Lath  should  be  wired  to  metal  furring  with 

and  Wire.  No.    18   annealed   steel   wire.        The   following 

amounts  are  necessary.     To  tie  100  square  yards, 

7' .3    pounds   for    furring    16-inch   centers    and   9 

pounds  for  furring  12-inch  centers. 

For  fastening  lath  to  wood  studs  or  sheathing 
the  staples  should  be  long  enough  to  penetrate  the 
wood  at  least  three  fourths  of  an  inch.  The 
amount  of  staples  of  No.  14  gauge  for  studs  16- 
inch  centers  per  100  yards  is  as  follows:  10  pounds 
for  1-inch  staples.  For  studs  12-inch  centers  25 
per  cent  more  staples  are  required. 


FIGURE  21  STEELCRETE  DIAMOND  LATH. 


STEELCRETE  EXPANDED  METAL  LATH 


DESIGN.  ATION 

u.  s. 

STANDARD 

SIZE   OF 
SHEETS 

IN 
BUNDLE 

IN 
BUNDLE 

SQUARE 
YD. 

WT.    PER 
BUNDLE 

PAINTED 

Steelcrete  A     22     

82 

18"x90" 

15 

20.00 

i.:;7 

87.10 

Steelcrete  A     24     .    . 

24 

18"x96" 

18 

20.00 

::..-><; 

7  1  .20 

Steelcrete   IJ     27     .    .    . 

27 

18"x96" 

15 

20.00 

2.41 

48.20 

Steelcrete  Diamond  24  H      .    . 
Steelcrete  Diamond  24  F 
Steelcrete   Diamond  27   II      .    . 
Steelcrete  Diamond  27  F      .    . 
GALVANIZED 
Steelcrete  A    22 

24 
24 

27 

27 

22 

28"xl)7" 
24"x97" 
28"x97" 
24"x!)7" 

18"x9«" 

14 
15 
14 

15 

15 

29.00 
26.6(5 
29.00 

?<;.(!<> 

20.00 

3.00 
3.57 
•MO 
2.48 

4.37 

87.00 
06.18 

60.90 
66.12 

87.10 

Steelcrete  A    24     

24 

I8"x9(i" 

15 

20.00 

4.00 

80.00 

Steelcrete  B     27     

27 

18"x96" 

15 

20.00 

2.90 

58.00 

Steelcrete   Diamond   24   II      .    . 
Steelcrete  Diamond  24  F 
Steelcrete   Diamond  27  F 

24 
24 

~  t 

28"x97" 
24"x!>7" 
24"x»7" 

14 
15 
15 

29.00 
80.66 

26.66 

3.30 
4.00 
2.90 

96.70 

l()(i.f.O 
77.30 

Partition   construction   of   Steelcrete   Expanded   lath   and   mortar   ii    of    two    general    typei     viz 
solid  and  hollow  partitions. 

Figures  Nos.  22  and  23  illustrate  types  of  hollow  partitions.     Their  many  adva.  tages  over  any  other 
fireproof  partitions  are  self-evident,  hut  among  the  chief  of  them  may  he  mentioned— 


Partition 
CoiMt  ruction. 


KE22 

1.  They  are  very  light,  strong  and  economical. 

2.  Plumbing,  steam  and  gas  pipes  and  electric  wires  may  be  concealed  inside  without  danger  from 
expansion  in  case  of  fire,  and  may  be  run  either  horizontally  or  vertically. 

3.  As  the  studs  can  be  punched  for  grounds  wherever  desired,  it  is  a  very  simple  matter  to  provide 
nailings  for  wood  finish. 

4.  They  may  be  used  for  bearing  partitions,  if  desired 


FIGURE  23 

5.  They  can  be  made  any  thickness,  from  three  inches  up,  with  very  slight  increase  in  cost. 

6.  They  are  as  near  sound  proof  as  any  partitions  can  be  made. 

7.  They  can  be  plastered  with  common  mortar,  as  the  studs  are  stiff  enough  to  require  no  further 
stiffening,  although  cement  plaster  or  any  of  the  patent  hard  mortars  may  be  used. 

8.  As  shown  in  detail,  the  ordinary  method  of  framing  around  doors  is  used,  thereby  avoiding  the 
use  of  specially  designed  frames. 
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Solid  Figures  Nos.  24,  25  and  26  show  methods  of  building  channel  iron  and  Steelcrete  Expanded  Metal  lath 

Partitions  solid  partitions.     Suggestions  for  wood  frames  for  doors  are  shown  in  Figures  25  and  26,  and  a  very,  satis- 

factory detail  for  an  iron  frame  for  a  tinned  door  is  shown  in  Figure  24.     It  is  necessary  to  use  a  hard 
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Outside 

Wall 

Construction. 


plaster  or  Portland  cement  mortar  to  make  first-class  construction.  The  partitions  are  practically  sound 
proof,  are  light  and  do  not  require  special  framing  to  carry  them,  take  up  very  little  room  and  are  not 
expensive.  They  have  been  used  with  success  in  every  class  of  building. 

Figure  No.27shows  a  method  of  building  an  outside  wall  of  cement  plaster  on  Steelcrete  Expanded 
Metal  lath  and  iron  studs.     This  construction  stands  the  weather  well  and  is  warm  in  winter  and  cool  in 


9O 

FIGURE27. 

summer.     Figuic  28  and  29  illustrate  two  methods  of  building  this  outside  wall  on   wood  studding.     In 
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Figure  27  and  29,  heads  and  jambs  are  shown,  and  in  Figure  28  a  jamb  and  sill  are  shown.  When  the 
wall  is  built  as  shown  in  Figure  27  and  28,  the  plaster  on  the  outside  face  of  the  st  id  is  backed  up  before 
the  lathing  is  attached  to  the  inside  face  of  the  stud.  The  two  sources  of  cracks  in  this  construction rare 
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FIGURE  28. 


unequal  settlement  of  the  foundation  and  shrinkage  of  the  wood  frame.     If  the  footings  are  carefully  de- 
signed and  the  details  shown  are  used,  both  of  these  dangers  are  avoided.     Where  wooden  sheathing  is 


FIGURE  29 

used  it  is  advisable  to  apply  a  layer  of  water  proof  paper  before  applying  the  lath.  The  furring  strips 
should  not  be  more  than  y*"  thick  so  that  the  mortar  will  be  pushed  through  the  lath  to  the  paper, 
thereby  completely  embedding  the  lath. 

Ceilings  should  be  furred  with  small  angles  or  channels  not  over  12  inches  on  centers  and  lathed  with 
diamond  mesh  Steelcrete  Expanded  Metal  lath,  securely  wired  or  clamped  to  the  supporting  angles  or 
channels.  These  supporting  members  should  be  firmly  clamped  tc  the  bottom  flanges  of  the  steel  beams 
if  the  ceiling  comes  directly  under  steel  beams  supporting  the  floor  or  roof  above.  If  concrete  beams  are 
used,  furring  clips  or  hangers  should  he  set  in  place  on  the  centering  and  concreted  into  the  beams.  If 
the  ceiling  is  to  be  suspended  below  t.ie  floor  or  roof  above,  it  should  first  be  furred  with  2-inch  or  3-inch 
angle  or  channel  purlins  not  over  4  .feet  or  5  feet  on  centers,  supported  by  hangers  securely  clamped  to 
the  beams  above  or  hung  from  rods  or  bars  and  concreted  into  the  beams  or  slabs  of  the  floor  or  roof 
above  and  spaced  not  more  than  4  feet  or  5  feet  apart.  Supports  for  ceilings  to  carry  the  weight  of  the 
ceiling  only  should  be  designed  for  from  10  to  12  pounds  per  square  foot,  while  if  workmen  are  to 
have  access  to  the  space  above  the  ceiling,  they  should  be  designed  for  from  25  to  40  pounds  per  square 
foot.  It  is  sometimes  convenient  to  frame  for  ceilings  with  small  ctrucfural  beams  or  channels  4  feet  or  5 
feet  on  centers  framed  into  the  bottom  choids  of  the  roof  trusses 
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Partitions.  Partition  studs  should  be  set  12  inches  on  centers  and  firmly  secured  top  and  bottom ;  the  lathing 

should  be  Steelcrete  "A"  Expanded  Metal  lath  if  applied  on  one  side  of  the  studs  only,  for  a  solid  plaster 
partition;  the  diamond  mesh  Steelcrete  Expanded  Metal  lath  if  the  studs  are  to  be  lathed  on  both  sides. 

The  lath  should  be  securely  wired  or  clamped  to  the  studs  every  4  inches  and  sheets  should  be  lapped 
YI  inch  on  their  long  sides  and  2  inches  on  their  ends.  Steelcrete  Expanded  Metal  solid  partitions  may  be 
plastered  with  cement  mortar,  patent  hard  plaster,  wood  pulp  or  asbestos  plasters,  while  hollow  partitions 
may  be  plastered  with  lime  mortar  as  well  as  with  the  plasters  specified  above. 

Outside  Outside  walls  should  be  furred  with  small  angles  or  channels  12  inch  on  centers  and  lathed  with 

Wall  Furring     diamond  mesh  Steelcrete  Expanded  Metal  lath.     If  the  wall  is  at  all  rough  it  is  best  to  first  fur  the  walls 
'"    with  horizontal   angles  or  channels  3    feet  or  4  feet  apart  vertically  to  line  the  wall  and  give  a  true, 
plump  surface  to  receive  the  vertical  furrings,  which  should  be  attached  to  them  by  wiring  or  bolting. 


Outside 
Walls. 


Outside  walls  may  be  lathed  with  Steelcrete  "A"  Expanded  Metal  lath  directly  on  the  outside  board- 
ing, the  wide  strands  being  sufficient  to  give  a  thorough  clinch  to  the  mortar.  Some  architects  prefer  to 
omit  the  outside  boarding  and  staple  the  "A"  lath  directly  to  the  outside  faces  of  the  studs,  and  after  the 
scratch  coat  of  plaster  is  applied  from  the  outside,  to  put  on  a  heavy  backing-up  coat  on  the  inside  of  the 
lath  between  the  studding,  to  entirely  encase  the  lath  in  cement  and  give  a  clinch  for  the  mortar  on  the 
studs  which  will  give  a  diagonal  bracing  and  stiffening  to  the  walls  more  than  equivalent  to  the  outside 
boarding  which  was  omitted.  In  this  case,  it  is  necessary  only  to  put  trusses  over  openings  in  the  usual 
manner  and  diagonal  braces  at  the  corners  of  the  house  to  keep  the  frame  in  shape  before  plastering,  and 
the  solid  cement  wall  will  more  than  supply  the  rest  of  the  stiffening  necessary,  at  the  same  time  making 
a  building  more  weather-tight  than  any  form  of  outside  wall  except  masonry  construction.  The 
omission  of  the  boarding  removes  the  danger  of  cracks  in  the  plaster  due  to  shrinkage  of  the  boards  and 
further  precautions  against  cracking  are  :  to  fur  the  lath  from  the  studs  with  small  iron  rods,  or  flat  bars 
on  edge,  over  which  the  lath  may  be  stapled  or  to  which  it  may  be  wired.  In  case  outside  boarding  is 
used,  the  lath  should  be  furred  off  with  wood  strips  or  round  or  flat  bars;  but  even  then  it  is  necessary 
to  so  thoroughly  work  the  mortar  through  the  meshes  of  the  lath  as  to  entirely  enclose  all  of  the  metal. 
Outside  walls  should  be  plastered  with  best  Portland  cement  mortar,  using  clean  sand,  and  the  scratch 
coat  should  contain  sufficient  hair  to  give  a  good  clinch  on  the  lathing,  while  the  finish  coat  should  be  a 
rich  mixture  of  cement  and  send  in  order  to  present  a  hard,  durable  surface  to  the  weather.  If  the  wall 
is  to  be  half-timbered,  the  best  method  for  the  half-timbering  is  to  project  an  inch,  more  or  less,  from  the 
face  of  the  plaster  and  put  on  grounds  with  which  the  plaster  will  finish  flush  and  then  nail  board,  of  the 
thickness  desired  to  the  grounds,  lapping  over  the  plaster  a  half  inch  on  each  side  of  the  grounds,  and  it 
is  better  to  have  the  boards  rebated  on  the  back  to  prevent  warping.  This  method  prevents  shrinkage 
cracks  showing  up  between  the  half-timbering  strips.  If  the  half-timbering  is  flush  with  and  projects  only 
slightly  from  the  plaster,  the  edges  of  the  boards  should  be  beveled  so  that  the  exposed  face  is  wider  than 
the  back. 


Figures  Nos.  30  and  33  show  typical  methods  of  fireproofing  columns.     These  details  are  subject  to 
modification  according  to  the  degree  of  thoroughness  with  which  it  is  desired  to  have  the  fireproofing 


Column 

Fire  proofing. 


FIGL-RK  32. 

done,  as,  for  instance,  Figures  30  and  33  might  be  shown  furred 
and  filled  solidly  with  concrete  as  in  Figures  Nos.  31  and  32, 
or  Figures  Nos.  31  and  32  might  be  shown  wrapped  closely  with 
Steelcrete  Expanded  Metal  lath  and  tin-proofed  with  plaster  as 
in  Figure  30,  and  the  space  inside  the  lath  filled  with  concrete 
or  not,  as  desired. 


Methods  of 

Ceiling 

Construction. 


FIGURE  35,    METHOD  H. 


FIGUKK  33 


Stucco  In  the  preceding  pages  have  been  shown,  in 

and  How.  fairly    good    detail,    various   methods   for  using 

Steelcrete  Expanded  Metal  lathing  in  the 
construction  of  ceilings,  partitions,  and  interior 
fireproofing  generally.  It  should  be  said  that 
like  all  other  first-class  materials,  this  must 
be  used  correctly;  in  other  words,  with  in- 
telligence. By  its  use  there  has  been  devel- 
oped a  specific  trade,  involving  a  scientific  study 
of  the  subject.  It  cannot  be  put  on  '  'any  old  way. ' ' 
As  a  lathing  material,  which  is  its  simplest  use,  it 
may  be  said  that  there  is  a  right  and  a  wrong  way 
of  putting  on  the  sheet  to  receive  mortar.  By  refer- 
ence to  Figures  20  and  21,  pages  93  and  94,  this 
fact  will  be  noticed.  On  a  side  wall,  for  instance, 
lathing  should  always  be  put  up  as  shown  by  these 
illustrations;  that  is,  fibres  of  the  metal  should 
point  up  and  outward.  On  the  ceilings  the  sheets 
should  always  be  put  on  one  way,  so  that  the  plas- 
terer may  begin  at  the  proper  side  of  the  area  to 
accomplish  his  work. 

Figure  36  «s  an  illustration  of  the  method  of 
applying  cement  plaster  and  Steelcrete  Expanded 
Metal  lath  to  a  building  sheathed  with  rough 
boarding.  The  two  sources  of  cracks  in  this  con- 
struction are  unequal  settlement  of  the  foundations 
and  shrinkage  of  the  wood  frame.  These  diffi- 
culties are  overcome  first  by  having  the  footings 
carefully  designed,  and  second  by  stapling  % -\nc\i 
round  iron  rods  in  a  vertical  position  as  shown, 
spaced  twelve  inches  centers,  to  the  boarding. 
Outside  of  these  rods  staple  Steelcrete  Expanded 
Metal  lath. 

For  stucco  work  use  the  best  Portland  cement 
and  sand  that  is  clean,  coarse  and  sharp.  For  the 
scratch  coat  add  to  the  above  lime  putty  with 
long  cattle  hair  or  fibre  worked  well  together. 


FIGURE  36 


100 


The  following  proportions  have  been  used  fora  number  of  years  with  entire  satisfaction: 
The  scratch  coat  should  be  mixed  in  the  proportions  of  1  part  Portland  cement,  3f4  parts  sand  and 
%  part  hair  putty. 

The  second  coat  should  be  mixed  in  the  proportions  of  1  part  Portland  cement  to  3  parts  sand,  and 
the  finish  coat  in  the  proportions  of  1  part  Portland  cement  to  2  parts  sand.  Lime  putty,  not  exceeding 
5  per  cent,  is  often  used  to  advantage  in  the  finish  coat.  Where  a  total  thickness  of  not  more  than  one 
inch  of  cement  mortar  is  required,  it  is  practicable  to  apply  it  in  two  coats,  the  last  coat  to  consist  of  one 
part  cement  to  two  of  sand,  which  should  be  applied  as  soon  as  the  first  coat  shall  have  set  sufficiently  to 
take  the  second  coat.  This  will  guarantee  a  bonding  of  the  two  applications.  The  finished  appearance 
may  be  varied  to  suit  the  style  of  architecture  desired,  but  should  not  be  made  to  imitate  anything  else. 
With  proper  sand  the  finish  coat  may  be  colored.  The  surface  may  be  smooth  or  rough.  In  fact,  the 
architect  finds  an  opportunity  to  diversify  his  art  by  the  use  of  this  construction  and  splendid  effects 
are  being  produced. 
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Finish 
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This  Photo  shows  the  Walter  Chess  residence  in  Pittsburgh,  Pa.,  erected  in  1891.  It 
was  probably  the  first  application  of  stucco  on  Metal  Lath.  Today,  21  years  after,  it  is 
in  perfect  condition.  Steelcrete  A  24  gauge  lath  was  used  throughout. 
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THE  NEW  YORK  POST  OKKICK,  STH  A\f...  31s  r  &  33o  STS. 
Nearly  35,000  square  yards  of  Steelcrete,  A  22  I".  S.  x^uge  galvanized  lath  used. 
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CEILING  IN  HOUSE  OF  REPRESENTATIVES,  HARRISBURG,  PA. 
Steelcrete  Expanded  Metal  Lathing  used.     Architect,  Joseph  M.  Huston,  Philadelphia,  Pa. 
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REGISTERED 


TANKS 

CIRCULAR         SQUARE         RECTANGULAR 


THE  CONSOLIDATED  EXPANDED  METAL  GO'S, 

PITTSBURGH 


NEW     YORK 


Liquid  The  tables  in  this  pamphlet  may  be  used  only  when  the  tank  is  intended  to  contain 

Contents.          water  or  a  lighter  liquid.     When  it  is  desired  to  design  a  tank  for  any  liquid  heavier  than 
water  the  following  tables  do  not  apply. 

Introduction  The  figures  given  in  these  tables  designate  in  an  abbreviated  form  the  size  of  "  Steel- 

To  Tables.        crete  "  mesh  required  as  a  reinforcement  in  the  vertical  wall  of  the  tank.  For  convenience 
these  are  given  here  : 

075  designates  mesh 3-13-075  35  designates  mesh 3-9-35 

10  "  "  3-13-10  40  "  "  3-6-40 

125  "  "  3-13-125  45  "  "  3-6-45 

15  "  "  3-9-15  50  "  "  3-6-50 

20  "  "  3-9-20  55  "  "  3-6-55 

25  "  "  3-9-25  60  "  "  3-6-60 

30  "  "  3-9-30 

For  standard  size  of  sheets,  weight  per  square  foot  and  other  details  of  each  size  of 
mesh,  page  33  of  "  Steelcrete  "  hand-book  should  be  consulted. 
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Let  it  be  required  to  design  a  circular  tank  of  20  feet  internal  diameter  and  inside  depth 
of  20  feet.  It  is  desired  to  know  the  reinforcement  in  the  same  and  Me  thickness  of  the 
outer  shell.  From  table  1,  page  116,  there  is  obtained  the  following  data:- 

#-075 

30 

50 

40-40 

The  first  line  l/i  -  075  gives  the  fractional  part  of  the  sheet,  constituting  the  top  layer 
of  reinforcement,  which  in  this  case  is  3-13-075.  The  second  line  gives  the  size  of  the 
next  reinforcing  sheet  3-9-30.  The  third  line  gives  the  next  size  sheet  3-6-50.  The  last 
line  calls  for  two  sheets  of  mesh  3-640  at  the  bottom  of  the  wall.  The  correct  position 
of  the  reinforcement  is  shown  in  Figure  37.  It  should  be  remembered  that  the  width  of 
the  sheet  (the  short  direction  of  the  diamonds)  is  the  vertical  direction  of  the  sheet  in  the 
outer  shell  and  the  length  of  the  sheet  (indicated  by  the  Jong  direction  of  the  diamonds) 
is  the  horizontal  direction  of  the  sheet.  The  sheets  of  mesh  should  be  lapped  eight  inches 
or  more,  as  the  case  may  be,  on  the  ends,  and  three  inches  or  more  on  the  sides. 

Let  it  now  be  required  to  ascertain  the  thickness  of  the  outer  shell.  From  table  2, 
the  thickness  given  in  inches  of  a  tank  20  feet  in  diameter  and  20  feet  in  depth  is  8  inches. 
The  thickness  at  the  top  is  in  every  case  4  inches.  The  inside  face  of  the  wall  may  be 
battered  as  shown  in  Figure37, or  be  stepped  off  in  even  inches  at  the  height  indicated 
in  the  table.  It  may  even  be  deemed  expedient  at  times  to  make  the  wall  of  even  thick- 
ness throughout. 

The  details  of  a  circular  tank  will  be  noted  from  Figures 3 7  and  38.  The  thickness  of 
the  floor  of  a  tank  resting  on  hard  ground  should  be  equal  to  the  thickness  of  the  outer 
wall  at  the  bottom,  as  given  in  table  2  except  that  it  need  not  be  more  than  six  inches  on 


Circular 
Tanks. 


Details. 


Details  of 
Construc- 
tion. 


good  foundation.  Referring  to  Figure38,  the  dimensions 
A  and  B  should  be  all  equal  to  the  thickness  of  the  outer 
wall  at  the  bottom  with  the  limitation  on  dimensions 
B  as  noted  above. 

The  floor  of  the  tank  may  be  made  monolithic,  in 
which  case  it  should  be  reinforced  as  shown  in  Figure 
37  with  "  Steelcrete  "  mesh  3-13-075.  The  side  walls 
should  be  securely  tied  to  the  floor,  as  indicated  in  the 
same  figure,  with  3-9-20,  except  that  where  the  lower 
layer  of  mesh  on  the  side  walls  is  of  a  lighter  size,  that 
same  size  may  be  used  for  this  purpose. 

The  life  and  efficiency  of  a  concrete  tank  depend 
upon  its  impermeability  or  resistance  to  leakages. 
Whether  water-proofing  compounds  are  used  or  not,  no 
detail  is  more  important  to  observe  than  that  all  the 
concrete  should  be  poured  in  as  nearly  one  operation  as 
possible.  If  it  is  not  possible  to  do  this  in  one  operation, 
the  floor  should  be  made  in  one  and  the  outer  shell  in 
another.  This  is  of  so  great  importance  that  the  designer 
should  nothesitate  to  insist  on  day  and  night  work  to  attain 
this  end.  This  brings  us  to  the  subject  of  waterproofing. 
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The  concrete  should  contain  no  stone  larger  than  three-quarter*  of  an  inch  in  any 
dimension  and  the  material  should  be  carefully  graded  so  that  all  voids  will  be  well  filled. 
Good  concrete  is  the  cheapest  and  best  waterproofing.  It  has  been  demonstrated  that  a 
properly  proportioned  and  properly  mixed  concrete  may  be  made  practically  waterproof. 
It  is  nevertheless  advisable  to  take  every  precaution  possible.  The  concrete  should  be 
thoroughly  mixed  to  a  wet  consistency  and  well  tamped.  Any  good  waterproofing  com- 
pound which  may  be  obtained  in  the  market  should  be  mixed  with  the  concrete.  The  in- 
side of  the  tank  should  be  plastered- with  cement  mortar  or  grouted  with  neat  cement. 


Water- 
proofing. 
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FIGURE  38. 

If  a  tank  is  required  to  be  elevated  as  on  a  roof  or  water  tower,  the  walls  may  be 
designed  with  the  use  of  the  tables,  as  given  herewith.  The  floor,  however,  becomes  a 
Special  design  and  here  the  services  of  an  engineer  should  be  sought. 

If  a  tank  is  to  be  sunk  in  the  ground,  the  tables  herewith  given  may  be  used  to  aid  in 
the  design.  The  external  earth  pressure  counteracts  the  internal  pressure  and  serves  to  five 


Types 
of  Tanks. 
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the  tank  additional  stability  when  the  tank  is  full.  When  the  tank  is  empty  the  external 
pressure  may  reverse  the  stresses  in  the  wall.  In  every  case,  therefore,  two  sheets  of  rein- 
forcement should  be  used,  oneplaced  near  the  outer  surface  and  the  other  near  the  inner  one. 
The  size  of  mesh  near  each  surface  may  be  of  half  the  weight  of  the  size  called  for  in  the 
tables;  for  example,  if  3-6-40  is  required,  two  sheets  of  3-9-20  placed  as  stated  above 
should  be  used.  This  rule  will  apply  only  for  tanks  up  to  20  feet  internal  diameter.  For 
tanks  of  greater  internal  diameter,  the  design  is  somewhat  complicated,  and  it  is  recom- 
mended that  the  reinforcement  called  for  in  the  tables  should  be  placed  near  one  surface 
and  a  like  amount  near  the  other  surface  of  the  wall. 

How  to  In  table  3  the  size  of  mesh  required  to  reinforce  the  walls  of  a  square  tank  is 

Design  a  given.  Table  4  gives  the  thickness  of  the  concrete  walls.  The  arrangement  and  location 
Square  of  the  reinforcement  in  the  wall  is  shown  in  Figure39,  which  shows  the  details  of  a  tank 

Tank.  10  feet  square  and  10  feet  deep,  designed  with  the  data  contained  in  tables  3  and  4.  The 

data  given  in  table  3  is  an  abbreviated  form  of  designating  the  "  Steelcrete  "  meshes  as 

explained  on  page  108. 

Details.  The  floor  of  the  tank  should  be  monolithic  with  the  walls  and  reinforced  with 

"  Steelcrete  "  3-13-075  bent  up  into  the  side  walls  as  shown.  The  thickness  of  the  base 
should  not  be  less  than  4  inches,  and  need  not  be  over  6  inches,  governed  by  the  thick- 
ness of  the  side  walls. 

The  corners  should  be  filleted  as  shown.  Square  inside  corners  are  an  element  of 
weakness  in  reinforced  concrete  tanks.  The  extra  cost  of  the  form  work  required  by  the 
method  shown  will  be  amply  repaid  by  the  additional  stability  attained. 

The  ends  of  sheets  should  be  lapped  eight  inches  (one  diamond)  o»  more.  The  re- 
inforcement should  be  continuous  around  the  outer  face. 


113 


As  in  the  case  of  circular  tanks,  to  attain  the   greatest  security  aga  nst   leaking,  the  Construe- 
concrete  should  be  poured  in  one  operation.     The  ingredients  should  be  selected  carefully,   "°n« 
proportioned  well  and  tamped  thoroughly. 

Where  the  tank  is  elevated  above  the  ground,  the   base  must   be  designed   as  a  floor  Special 
slab.  .The  services  of  an  engineer  should  be  obtained  for  this.  Cases. 

As  in  the  case  of  circular  tanks,  square  tanks  depressed  in  the  ground  may  be  designed 
by  the  use  of  the  tables.  The  same  amount  of  reinforcement  should  be  used  continuously 
near  the  inside  face  of  the  side  walls  that  is  required  near  the  outside  face.  There  will 
thus  be  two  layers  of  reinforcement  instead  of  one. 

When  it  is  desired  to  design  a  rectangular  tank,  proceed  as  in  the  case  of  a  square  tank,    Rectangular 
using  the  longest  dimension  of  the  rectangular  tank  as   the    side    of  the   square.     For  Tanks. 
example,  to  design  a  tank  10'  x  14'  and  6'  in  depth,  select  from  tables  3  and  4   the  pro- 
portions of  a  tank  14  feet  square  and  construct  your  tank  accordingly.    The  10  foot  side  of 
tank  should  be  reinforced  with  the  same  mesh  as  the  14  foot  side  and  the  walls  to  be  of 
the  same  thickness. 

" STEELGRETE "   MESH. 

In  ordering  "  Steelcrete  "  mesh,  full  size  sheets  should  be  ordered,  the  standard  sires  How  fa 
of  which  are  given  on  page  33  Order. 


us 


V) 

Cf"*. 

t* 

/• 

'     V 

>*                    

—  r 

i 

i 

i"  ~  7 

<~^ 

*!                        ^ 

1     f 

'/  ' 

r-6"     , 

^ 

i 

i? 

\ 

,1 

-1 

I 

-M- 

j 

L 

1^' 

i 
i 

i 

x 

$ 

V 

» 

/ 

i 
i 

s. 

!i' 

r 
-^ 

T\ 

i 

\T- 

—  > 

\ 
\ 
i     i 

1 
r 

«  

5  fee  /c  re  /e  "/rx?sA 

JK 

5 

J 

I 

5 

s 

— 

-- 

* 

I 

A 


n 


Zi 


V 


V 

1 


r 


—  — «—       -  -r 


m 


FIGURE  39 


GO 
M 
^ 

•^J 

H 


i—  i       - 


W 


u 


i 


* 


* 


IN 


N 


a 


** 


~ 


115 


- 


2 

«u 


w 

r*      : 
H        " 


V 


116 


Table  2.-CIRCULAR  TANKS 

Total  thickness  of  side  walls  in  inches.     1:  2:  4:  concrete. 
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Table  3.— SQUARE  TANKS 

'Steelcrete"  Mesh  required  in  the  side  walls. 
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Table  4.-SQUARE  TANKS 

Total  thickness  of  side  walls  in  inches.     1:  2:  4:  concrete. 
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Steelcrete  Expanded  Metal  reinforced  concrete  tank. 

This  illustration  shows  the  tank  in  course  of  construction,  ready  for  the  forms.     Note  the 
stiffness  of  the  sheets,  guaranteeing  a  perfect  distribution  of  the  steel. 
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The  illustration  herewith  shown  is  made  from  a  photograph  taken  in  the  plant  of  the  Ox- 
ford Paper  Company  at  Rumford  Falls,  Maine. 

These  tanks,  thirty  in  number,  average  20  feet  in  height  and  14  feet  in  diameter.  In  their 
construction  both  economy  and  durability  were  accomplished.  They  were  made  at  a  less  price 
than  had  previously  been  paid  for  wood  tanks  for  the  same  purpose  which  were  the  kind  in 
universal  use  in  paper  mills.  Up  to  this  time,  nearly  eleven  years  after  their  construction, 
they  have  proven  in  every  way  satisfactory  as  the  letter  on  next  page  will  show: — 


GENERAL  OFFICES: 
2OO  FIFTH  AVENUE,  NEW  YORK. 


Eastern  Expanded  Metal  Co., 
201  Devonshire  St., 

Boston,    Mass. 


Gentlemen: 

Replying  to  your  letter  of  July  5th.,  regarding 
concrete  tanks  which  were  built  for  us  when  the  mill  was  con- 
structed, wpuld  say  that  these  tanks  have  given  us  first 
class  satisfaction. 

Yours  very  truly, 
OXFORD  PAPER  COMPANY. 

By 


w.s. 


REGISTERED 


HIGHWAY    BRIDGES 

AND 

CULVERTS 

THE  CONSOLIDATED  EXPANDED  METAL  GO'S. 

PITTSBURGH  NEW     YORK 


INTRODUCTION 

The  plans  and  data  in  the  sketches  embodied  in  this  pamphlet  are  self  explanatory. 
Examples  are  given  of  the  standards  adopted  by  the  State  and  Town  Highway  Commissions 
of  New  York  and  of  the  Pennsylvania  State  Highway  Department.  Also  examples  are 
given  of  all-reinforced  concrete  culverts,  including  different  designs  of  wing  or  head  walls, 
floor  systems  and  other  details.  This  will  enable  an  inquirer  to  select  a  design  in  accord- 
ance with  his  special  needs.  Attention  is  called  to  the  quantities  of  material  in  most  cases 
given,  which  have  been  prepared  with  painstaking  care.  These  quantities,  we  believe, 
will  be  found  of  great  help  in  comparing  costs. 

In  New  York  State  and  Town  Highway  Standards  reference  is  made  to  2nd  and  3rd 
class  concrete.  The  following  extract  from  the  specifications  is  explanatory: 

"Concrete  will  be  classified  as  follows:  First-class,  second-class,  third-class. 

'  'First-class  concrete  shall  be  made  of  1  part  Portland  cement,  2  parts  clean  sand  or 
crusher  dust,  resulting  from  the  breaking  of  hard  trap,  hard  sandstone,  granite  or  gneiss, 
and  four  parts  of  crushed  stone,  all  measured  in  loose  bulk  in  boxes  or  forms  of  known 
capacity  satisfactory  to  the  engineer. 

'  'Crushed  stone  for  first-class  concrete  shall  be  trap,  granite  or  gneiss,  satisfactory  to 
the  Commission. 

'  'Second-class  concrete  shall  be  made  of  1  part  Portland  cement,  2^  parts  of  clean, 
approved  sand  or  crusher  dust,  and  5  parts  of  crushed  stone  or  screened  washed  gravel  if 
permitted  by  the  Engineer,  all  measured  in  loose  bulk  in  boxes  or  forms  of  known  capacity 
satisfactory  to  the  Engineer. 


"Third-class  concrete  shall  be  made  of  1  part  Portland  cement,  3  parts  clean,  ap- 
proved sand  or  crusher  dust,  and  6  parts  of  crushed  stone,  ail  measured  in  loose  bulk  as 
aforesaid." 

"STEELCRETE"  DECIMAL  STANDARDS 

If  it  is  desired  to  order  "Steelcrete"  Expanded  Metal,  the  designation  of  which  is  only 
known  under  the  old  standards,  the  following  tables  will  give  the  corresponding  size  under 
the  decimal  standards  at  present  in  vogue: 

3"  MESHES 

3"  No.  13  Standard          (  .28  Ibs  per  sq.  ft.)    Corresponding  size  3-13-076 


3"  '  10  Light                (  .50  " 

3"  "  10  Standard         (  .60  " 

3"  "  10  Heavy             (  .90  " 

3"  "  10  Extra  Heavy  (1.20  " 

3"  "  6  Standard         (1.38  " 

3"  "  6  Heavy             (2.07  " 


") 


<•  \ 


"  3-9-15 

"  3-9-175 

"  3-9-25 

'  3-9-35 

"  3-6-40 

"  3-6-60 
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HIGHWAY   I-BEAM    BRIDGES-  RIGHT  ANKSLED  WING  WALLS. 

Maximum   load  one  15  ton   road    roller. 
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HIGHWAY   I-BEAM    BRIDGES- RIGHT  ANGLED    WING    WALLS. 
Maximum   load    one    15  ton  road  roller. 
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HIGHWAY  I-BEAM    BRIDGES— SKEWED    WING    WALLS. 
Maximum   load  one  15  ton   road   roller. 
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HIGHWAY    I-BEAM    BRIDGES-SKEWED    WING   WALLS. 
Maximum  load   one   15  ton  road  roller 
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HIGHWAY    BOX    CULVERTS. 

Maximum   load   15  Ion  road   roller. 


/2./4/Y. 
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HIGHWAY    BOX    CULVERTS. 
Maximum   load    15  ton  road  roller. 
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PENNSYLVANIA  STATE  HIGHWAYS 

DC 

f] 


CONCRETE  I-BEAM    BRIDGES. 

1910 
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PENNSYLVANIA 
STATE    HIGHWAYS. 

Concrete  Box  Culverts. 

1910. 
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STATE  OP  NEW  YORK-TOWN     HIGHWAYS. 

CONCRETE     I-BEAM     BRIDGES. 
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STATE    OF    MEW  YORK- TOWN    HIGHWAYS. 
STANDARD    CULVERT5., 
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STATE  o«-  NEW  YORK 
Standard  Concrete  Culverrs. 

FOR  STATE  AND  COUNTY  HIGHWAVS. 
1912. 
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BRIDGE  FLOORS 


The  style  of  floor  shown  in  the  lower  figure  has  been  adopted  as  a  standard  by  the  State  of 
New  York,  as  it  is  cheaper  in  the  long  run  than  plank. 
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RETAINING   WALLS 


NEW  YORK 


Comparative  Little  need  be  said  of  the  economy  of  the  reinforced  over  the  non-reinforced  type  of  retaining  walls. 

Type:  Suffice  it  to  say  a  total  saving  of  25  per  cent,  to  45  per  cent,  has  been  reached  in  railroad  and  municipal  work 

by  the  adoption  of  the  steel  reinforced  type.  The  somewhat  technical  features  entering  into  the  design  of 
the  reinforced  type  of  retaining  wa'ls,  coupled  with  the  lack  of  standardized  designs,  has  served  to  retard  iti 
universal  adoption. 

Reinforced  In  standardizing  the  two  common  types  of  reinforced  retaining  walls,  namely,  the  'cantilever'  and  the 

Types:  'counterfort,'  this  pamphlet,  in  the  accompanying  designs  and  data,  will  be  found  to  fill  a   long  felt  want. 

The  quantities  of  material  also  included  in  the  tables  will  facilitate  greatly  the  estimating  of  costs.  The 
designs  herewith  submitted  will  be  found  to  conform  with  the  best  standard  practice.  According  to  author- 
ities cantilever  types  are  more  economical  than  the  counterfort,  up  to  a  heighth  of  16  to  20  feet.  The 
quantities  given  will  enable  anyone  to  arrive  at  the  most  economical  construction  for  his  particular  case. 
An  allowance  should  be  made  for  the  increased  labor  on  form  work  in  the  counterfort  type  of  retaining  walls. 

Foundation :  No  wall  should  be  built  on  a  foundation  of  soil  of  less  bearing  power  than  three   tons  per  square  foot, 

and  wherever  possible  the  wall  should  be  built  on  rock.  If  a  clay  foundation  must  be  resorted  to,  it  is  very 
important  that  it  be  kept  dry  and  below  the  frost  line.  When  troubled  with  springs  or  accumulative  surface 
water,  provide  trenches  every  ten  feet  to  drain  the  water  from  the  foundation.  Such  trenches  may  be  one 
fopt  width  and  depth,  and  filled  with  coarse  gravel  well  compacted  and  given  sufficient  slope  to  insure  run  off, 
Baker's  Table  of  safe  bearing  power  of  soils  gives  the  following  permissible  loads: 


Rock  equal  to  best  ashlar 

Rock  equal  to  best  brick  masonry 

Rock  equal  to  poor  brick  masonry 

Clay — dry  thick  beds 

Clay— Moderately  dry  thick  beds 

Clay— Soft 

Gravel  and  coarse  sand  well  cemented 

Sand — Compact  and  well  cemented 

Sand — Clean  and  dry 

Quick  sand,  alluvial  soil,  etc. 


tons  per  square  feet, 
25  to  30 
15  to  20 

5  to  10 

4  to    6 

2  to    4 

1  to    2 
8  to  10 
4  to    6 

2  to    4 
tf  to     1 
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There  are  three  phases  ot  wall  failure,  viz:  overturning,  crushing  and  sliding.  The  first  two  have  b«en 
properly  cared  for  in  the  designs  shown.  The  third  depends  more  or  lesson  the  nature  of  the  toil  which 
is  taken  for  the  foundation.  A  wall  built  on  solid  rock  does  not  necessarily  have  to  be  keyed,  but  the 
surface  of  the  rock  should  be  roughened.  In  all  other  soils  a  key  is  absolutely  necessary  to  keep  the  wall 
from  sliding  and  throwing  the  wall  out  of  alignment.  The  key  is  shown  on  all  designs,  Plates  I,  II,  III, 
and  IV.  The  key  is  that  small  portion  of  the  wall  which  projects  downward  from  the  base  at  about  its  center. 

Proportion  1:  2:  4. 

If  it  is  desired  to  guard  strongly  against  seepage  of  water  through  cracks  which  may  result  from  temperature 
changes,  expansion  joints  should  be  provided  at  intervals  of  thirty  feet  which  extend  from  the  foundation 
bed  through  the  coping.  Water  may  be  prevented  from  seeping  through  these  joints  by  forming  a  rect- 
angular vertical  recess  in  the  wall  as  it  is  built  up,  which  is  filled  and  well  rammed  with  plastic  clay. 
Authorities  differ  on  the  subject  of  expansion  joints.  In  many  instances  cases  may  be  cited  where  expansion 
joints  have  been  left  out,  and  the  work  found  perfectly  satisfactory. 


I  he  Key  . 


Sufficient  steel  has  been  allowed  in  the  designs  hereinafter  submitted  to  take  care  of  temperature  sir 
according  to  theoretical  and  common  practice.     It  should  be  remembered  that  there  is  a  b?g  distinction  be- 
tween surface  hair  cracks  and  deep  cracks  permitting  seepage. 

A  concrete  mixture  so  proportioned  as  to  give  the  maximum  density  has  been  demonstrated  to  be  satis- 
factorily waterproof.     If  it  is  deemed  advisable,  however,  any  good  waterproofing  compound  may  be  added. 

Many  methods  of  finishing  concrete  surfaces  are  in  vogue.     Some  are  as  follows: 

Cement   washing  or  grouting 

Rubbing  up 
Tooling 
Sand  Blasting 

Plastering 


Concrete : 

Expansion 
Joint*: 


Water- 
proofing : 

Surface 

I  inish: 


in 


It  has  been  found  more  satisfactory  and  economical  to  decide  which  surface  finish  is  desired  before 
the  work  is  started  so  that  the  surface  may  be  treated  immediately  after  the  forms  are  taken  down  and  while 
the  concrete  is  green.  On  plastered  surfaces,  the  rough  or  unfinished  side  of  the  board  should  be  next  to 
the  wall.  This  gives  a  rough  surface  and  aids  the  plaster  in  adhering  to  the  wall.  Boards  of  unequal  thick- 
ness should  be  avoided  in  forms  in  which  a  surface  finish  is  desired. 

Back  Fill:  All  coarse  material,  such  as  broken  stone  or  unused  gravel,  should  be  placed  in  back  of  wall.    A  volume 

of  at  least  one-half  cubic  yards  of  such  material  should  be  placed  at  the  inside  end  of  the  drains,  so  that  they 
will  not  become  stopped  up  with  earth.  Space  drains  of  three  inch  diameter  five  feet  on  centers,  and  plare 
them  at  such  a  height  from  the  surface  of  the  ground  that  a  free  discharge  of  the  water  back  of  the  wall  will 
be  allowed.  Supplying  the  wall  with  drains  aids  waterproofing  and  serves  as  a  precautionary  method  of 
eliminating  the  hydrostatic  head  which  may  form  back  of  the  wall. 

The  following  notes  are  to  be  used  in  connection  with  Plates  I,  II,  III,  and  IV. 

The  spacing  shown  on  line  'M'  Plate  IV  is  given  for  a  wall  of  25  foot  height,  (H=25  '-0").  For  any 
wall  of  less  height  the  spacing  applies  as  given,  to  be  read  from  the  top,  omitting  whatever  rods  may  not  be 
included.  Example:  The  spacing  of  these  horizontal  rods  for  an  18ft.  wall  (H=18'-0")  would  be  as 
follows,  reading  downward  from  the  top:—  2'0",  2'0",  1'6",  1'3".  Three  spaces  at  I'O",  seven  spaces  at  9" 
and  two  spaces  at  6",  the  remaining  rods  of  the  sketch  being  omitted.  The  sum  of  the  above  spaces  equal 
16'0".  The  bottom  slab  is  I'-IO"  according  to  the  tables;  therefore,  16'0"  plus  I'lO"  equals  17'10"  or  the  last 
horizontal  tie  rod  is  2"  above  the  bottom  slab  of  the  wall. 

Note  on  Sheets  extend  continuously  across  the  front  face  of  the  counterfort  type  as  indicated  in  section  X  Y  of 

"Steelcrete"      Plate  IV,  Sheets  6'0''  total  length  of  the  same  size  as  in  front  to  be  placed  on   back  of  face  wall  at  the 

for  Counter-      counterforts.     This  is  also  indicated  in  the  same  section.     The  direction  of  the  diamonds  in  all  the  mesh  in 

fort  Type:          tne  face  wall  is  given  in  the  rear  elevation  of  Plate  IV.      All  sheets  should  be  lapped  the   length  of  one 

diamond  (8")  on  the  ends  to  insure  continuity,  and  the  width  of  one  diamond  (3")  on  the  sides.     Wherever 

two  or  more  sheets  are  required  a  spacing  of  one  inch  should  be  allowed  between  sheets  to   insure  a  good 

bond  in  the  concrete. 


Spacing  of 
Horizontal 
Tie  Rods : 
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Famous  Howe  Springs  fronting  the  residence  of  M.  L.  Benedutn,  Fifth  and  Highland  Avenue*   Pittsburgh,  Pa.    Retaining  Wall 
reinforced  with  ''Steelcrlte"  Mesh  throughout.  Surface  finUh  imitation  cat  «ton«.  W.  H.  Van  Tine,  landscape  architect  and  de»igner. 
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RETAINING  WALL 

CANTILEVER  TYPE 

LEVEL    FILL 

Table  in  connect  ion  with  PLATE  Ate  / 
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RETAINING  WAL 


CANTILEVER  TYPE 


Table  in  connect  ion  with  PLATE  A/aff 


DIMENSIONS 


STEELCRETE 

Size  of  mesh  and  5a  ft.  required  per  tin  ft  of  Wall 
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Tie  Pods 
sted   bar 


Tension   Bar 
square    twisted  bar 
£  Bars    to  top  of  Wall 
2  Bora  bfntjtnratfiip 
2  Dors  benlrifwatjt.'p 


RETAINING  WALL 

COUNTERFORT  TYPE 

LEVEL      FILL 


ET 


detail  Sketch  Hoi 


detail  Sketch  No  HI 


.  .,-  / SeeNote  On  5teelcrete\ 
eets  f  I  f0r  counterfort  type.  I 
V  \in  introductory  pages  ) 


Section  UV 
U  shown  on  Detail 
S Ketch  No  TIL 

Weep  Holes 
Spaced 5~o'fto€ 


Sheets  "a 


Note:  All  *Steelcrete 
sheets  are  required  to 
be  in  standard  /enqths 
qi\ 

te. 


Note  direction  of- 

diamond  m  face  noil 


CROSS    SECTION 


SECT/ON  THRU  XY 

Note:  'All  dimensions  given  in  fiqvrcs  or 
Plate  are   the  same  in  all  heights  of  Wall, 


HEAR    ELEVATION 


PLA.TENoM 
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RETAINING  WALL 
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RETAINING    WALL 


COUNTERFORT  TYPE 

SLOPING     FILL 


Slope  /j  to  I 

A!  I  Horizontal  Tie  Rods 
square   twisted  ba 
U  an 


bent  to  form  U  and  hooked  .  _  .,    . 

thru    Stee/crete  as  shown  in  detail  Sketch  No  I 

*  All  Vertical    Tie  Rods 
\quare   twisted   bt 

%°rue*tee/crete  as  snown  ,n  detail  Sketch  No  E 
&A 


Counterfort  Wall 

Tension  Bars 


Bars  bent  f  \vay  up 
Bars  bent     <,va<j  i& 


ep  Holes 
Spaced  5-O~ftre 


Sheets  " b~ 

SECTION  THRU  XV 


CffOSS    SECT/ON 


/Vote!  All  dimensions  given  in  figures  on  this 

Plate,   are  the  same  in  all  heiqMs  of  Walls 
Note:  All  'Steelcrete' sheets  are  required  tobe 
in  standard  widths  qiven  in  accompan/na  table 


REAR    ELEVATION 


PLATENajy 
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SKETCH    NO.  I 


RETAINING  WALL 

COUNTERFORT  TYPE 

DETAILS 
SKETCH    NO.n 


SKETCH    NO.  ffl 


Note:    Counter-fort    Wall  Tension  Bars 

square  twisted 
£   Bars    to  top   of  wall 
2   Bars  bent    s/s  wau  up. 
2.    Bars  bent  03  indicated  in  Plates  Jff  dtJff. 
An  Counterfort  Wall    Tension  Bars    bent  to 
is  inch  radius  at  bottom  and  extending  in- 
to wall  from  4  to  6  fee  t    In  table  designated 
03  "  Tension  Bars  " 
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REPORT 

OF 

LOAD   TESTS 

MADE  ON 

REINFORCED   CINDER   CONCRETE    FLOOR   SLABS 

FOR 

THE  CONSOLIDATED  EXPANDED  METAL  COMPANIES 

AT  THE 

Materials  Testing  Laboratory  of  the  Carnegie  Technical  Schools 

PITTSBURGH,  PA. 

TESTS   CONDUCTED    BY 

FRANK  M.  McCULLOUGH,  B.  S.  C.  E. 

Assistant  Professor  in  Civil  Engineering 
PITTSBURGH,  PA. 

JULY  22,  1911. 

Tests  on  cinder  concrete  floor  arches  or  slabs  made  in  the  Materials  Testing  Laboratory  of  the 
Carnegie  Technical  Schools  during  the  spring  of  1911.  The  purpose  of  the  tests  was  to  determine 
the  efficiency  of  expanded  metal  in  flat  arch  or  slab  construction. 

Tests  were  made  on  four  arches  and  three  sizes  of  expanded  metal.  The  slabs  were  loaded 
with  pig  iron  and  deflection  readings  were  taken  at  increments  of  about  150  Ibs.  per  sq.  ft.  in  the 
loading.  The  age  of  the  slabs  when  tested  varied  from  54  to  61  days. 

MATERIAL. 

Lehigh  cement,  local  sand  dredged  from  the  river,  and  screened  anthracite  cinders  were  used. 
The  cement  passed  the  American  Society  for  Testing  Materials  specifications.  The  weight  per 
cu.  ft.  of  the  damp  cinders  and  sand  was  48  Ibs.  and  82  Ibs.  respectively;  the  voids  01  the  dry 
cinders  and  sand  were  equal  to  59%  and  44£,  respectively. 


After  making  a  series  of  volumetric  tests  of  the  materials  it  was  decided  to  use  a  1:2 
concrete  instead  of  a  1 :  2: 5,  the  proportions  being  based  on  dry  sand  and  cinders.     The  concrete 
was  thoroughly  mixed  by  machine  a:i-l  w.is  of  a  .      During  the  pouring  of  the  slab* 

samples  of  the  concrete  were  taken  whi-.-h,  when  tested  in  th  :  forn    of  cylinders.  6"  in  diameter 
and  18"  high,  gave  crushing  strengths  of  631  and  785  Ibs.  pet  square  inch  at  33  days  and  56  • 
respectively. 

METHOD  OF  CONSTRUCTION. 

A  foundation  of  1 :  2:  4  gravi-1  concrete.  12  in.  thick  and  about  3  ft.  high,  was  first  built, 
this  foundation  were  imbedded  bearing  plates  which  supported  the  I-beams  of  the  flat  arches 
or  slabs. 

,  Each  of  the  arches  was  of  the  flat  type  and  was  carried  by  two  12  in.  31 X  Ib.  I-beams  spaced  6  ft. 
on  centers.     These  I-beams  were  connected  by  two  V  in.  steel  rods  with  nu;  ;hat  there 

was  little  initial  tension  in  the  rods.     The  length  of  the  arches  was  6  ft.,  the  thickness  at  the. 
center  and  haunches  was  4  in.  and  15  in.,  respect: 

The  arches  were  all  reinforced  with  sheets  of  "Steelcrete"  Expanded  Metal;  arches  O  and  O 
with  3-13-075,  N  with  3-9-175,  and  P  with  3-9-15. 

The  cross-sections  of  the  sheets  of  metal  used  in  the  arches  checked  these  values  within  com- 
mercial limits. 

The  details  of  the  arches  and  the  position  of  the  reinforcement  are  shown  in  Fig.  40. 

METHOD  OF  TESTING. 

The  pig  iron  was  piled  in  three  separate  tiers,  each  parallel  to  the  I-beams  in  order  to  reduce 
the  arching  effect  to  a  minimum.  Deflections  were  obtained  at  seven  points,  these  points  being 
located  at  the  center  of  tbe  slab  and  at  the  center  and  ends  of  each  I-beam  carrying  the  slab. 

At  these  points  holes  were  left  in  the  concrete  in  which  were  inbedded  slender  wooden  rods 
carrying  scales  at  the  top.  By  means  of  a  Y  level  these  scales  were  read  to  ^  of  an  inch  for  in- 
crements of  150  Ibs.  per  sq.  ft.'in  the  loading,  this  unit  load  being  based  on  the  total  area  of  the 
slab  which  was  36  sq.  ft.  In  order  to  detect  any  change  in  the  heightof  instrument,  level  readings 
were  frequently  taken  on  a  permanent  bench  mark  entirely  separate  from  the  slabs. 

RESULTS  OF  TESTS. 

The  detailed  results  are  tabulated  in  Tables  1  to  4,  inclusive.     Deflections  are  given  in  64ths 
of  an  inch;  negative  values  indicate  a  downward  movement  and  positive  values  an  upward  n 
meat  of  the  slab.     Rods.  No.  1,  No.  3,  No.  Sand  No.  7  were  located  at  the  ends  of  the  12  in.   I- 
beams  carrying  the  slabs,  rods  No.  2  and  No.  6  at  the  centers  of  these  I-b< 

the  center  of  the  slab,  (See  Fig.  40).     The  missing  deflections  are  due  to  the  fact  that  it  was  im- 
possible to  read  all  of  the  rods  after  the  pig  iron  had  reached  a  height  of  about  6  ft. 


DISCUSSION    OF    RESULTS. 

The  arches  were  built  in  order  to  study  their  behavior  under  a  total  load  of  54000  Ibs.  or  a  unit 
load  of  1500  Ibs.  per  sq.  ft.  and  all  of  the  arches  were  in  excellent  condition  under  this  test  load. 
At  this  load  the  deflection  of  the  center  of  the  slab  below  the  center  of  the  I-beams  varied  from 
Jf  in.  for  slab  N  to  |£  in.  for  slabs  Q  and  P.  When  this  maximum  load  was  allowed  to  remain  for' 
five  days  on  slab  O,  which  had  the  lightest  reinforcement,  the  increase  in  deflection  was  only  ?V^n- 
When  the  slabs  were  fully  loaded  tension  cracks  were  seen  in  the  concrete  near  their  center  lines 
and  above  the  I-beams  at  the  haunches,  these  latter  cracks  being  much  smaller,  but  in  none  of  the 
arches  were  any  of  the  cracks  serious. 

After  the  full  load  of  1500  Ibs.  per  sq.  ft.  had  been  placed  on  slab  P  it  was  decided  to  continue 
the  loading  to  failure.  Under  a  load  of  2230  Ibs.  per  sq.  ft.  the  slab  failed  but  this  was  apparently 
caused  by  the  falling  and  consequent  impact  effect  of  the  piles  of  pig  iron  which  were  about 
12ft.  high  and  quite  unstable.  The  rate  of  increase  in  the  deflection  readings  did  not  indicate 
approaching  failure  nor  did  the  fracture  show  an  initial  failure  of  the  slab 

The  maximum  load  carried  by  the  slab  indicated  that  considerable  arch  action  was  developed 
and  that  the  slabs  should  not  be  considered  as  fixed  beams,  for,  assuming  the  slab  to  be  a  fixed 
beam,  the  maximum  computed  stress  in  the  steel  for  a  load  of  1500  Ibs.  per  sq.  ft.  was  about  three 
times  as  great  as  the  ultimate  strength  of  the  steel  as  determined  in  a  tension  test.  It  was  also 
observed  that  the  ^  in.  rods  connecting  the  12  in.  I-beams  which  had  little  initial  tension,  were 
under  a  heavy  tensile  stress  when  the  slab  carried  its  full  load.  <j» 

The  tension  cracks  in  the  concrete  at  the  haunches  were  very  fine  and  did  not  increase  in 
wiith  as  did  the  cracks  at  the  center  of  the  arch,  thus  indicating  little  tension  in  the  arch  above 
the  haunches. 
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FIG.  40 


1  .VI 


Slab  O,  reinforced  with  3-13-075.    Load  of  1500  Ibs.  per.  sq.  ft.    Deflection  =17-64ths  of  an  inch. 
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This  photograph  illustrates  the  first  step  taken  in  securing:  a  specimen  for  the  tensile  test* 
conducted  by  Prof.  Macgregor;  a  strand  cut  from  the  center  of  a  sheet  of  "Steelcrete"  mesh. 


Illustrating  the  second  step  taken  in  preparing  the  specimens;  observe  the  part  lemoved. 


The  specimen  after  having  been  straightened,  and  ready  for  the  tensile  test,  is  here  shown. 

i  <;:; 


has  been  presumed  that  the  reader  of  this  pamphlet  is  familiar  to  a  certain  extent 
with  the  characteristic  behavior  of  steel  under  tensile  test.  In  order  that  the  im- 
portance  of  the  conclusions  in  this  pamphlet  may  be  emphasized,  it  will  be  recalled 
^at  w^en  a  stee^  sPecmien  is  tested  in  tension  to  destruction  it  passes  through  two 
well  defined  and  significant  stages.  During  the  first  stage,  the  elongations  or  de- 
formations are  comparatively  small  and  increase  approximately  proportionate  to  the  load. 
During  the  second  stage  there  is  a  plastic  yielding  of  the  material  which  is  attended  by  gieatly 
increased  elongations  amounting  at  fracture  to  many  hundred  times  the  whole  elongation  oc- 
curring during  the  first  stage. 

Between  these  two  stages  there  is  a  well  defined  point  marked  by  a  sudden  increase  of  el- 
ongation which  is  easily  noted  when  the  readings  are  plotted  on  a  chart.  (See  Curves,  pages  168 
and  169.)  This  point  is  generally  termed  in  the  literature  of  the  steel  industry,  the  "yield  point" 
or  "commercial  elastic  limit;"  more  accurately  called,  in  foreign  texts,  the  "rapidiy-breaking-down 
point;"  sometimes  erroneously  spoken  of  as  the  "elastic  limit."  At  this  noint  total  failure  does 
not  occur,  but  the  warping  of  the  structure  which  follows  ruins  it  for  practical  purposes.  In 
the  case  of  a  steel  which  is  to  be  used  for  reinforced  concrete,  this  point  is  of  great  importance 
as  actual  failure  occurs  immediately  after  it  is  reached. 

It  was  at  one  time  widely  thought  among  scientists,  that  steel  was  perfectly  elastic  up  to 
a  point  called  the  "elastic  limit,"  which  we  will  here  call  the  "theoretical  elastic  limit"  (a  point 
near  the  "commercial  elastic  limit"  or  "yield  point"  above  mentioned).  By  "perfect  elasticity" 
in  the  steel  was  meant  that  after  having  been  stressed,  it  would  recover  its  original  length  if  the 
load  were  released;  that  is  to  say,  at  the  "theoretical  elastic  limit"  a  permanent  set  took  place. 
It  is  now  known,  however,  that  a  permanent  set  can  be  detected  soon  after  the  load  is  applied, 
if  only  instruments  precise  enough  are  used. 


It  was  also  widely  thought,  among  scientists,  that  within  the  "theoretical  elastic  limit" 
the  stress  or  unit  load  was  directly  proportional  to  the  strain  or  deformation.  That  is  to  say, 
if  the  stress  and  strain  readings  of  a  tensile  test  were  plotted,  a  straight  line  would  be  observed 
up  to  the  "theoretical  elastic  limit"  which  would  by  this  definition  be  the  "limit  of  proportionali- 
ty." Many  scientists  may  be  cited  who  state  that  instead  of  a  straight  line  a  very  flat  curve 
will  be  obtained,  if  only  precise  enough  instruments  are  used.  In  other  words,  the  "limit  of  pro- 
portionality" was  found  to  be  reduced  with  the  use  of  the  most  precise  instruments. 


A  discussion  of  the  "theoretical  elastic  limit"  is  of  scientific  interest  only.  It  is  unques- 
tionable that  the  "limit  of  proportionality"  is  very  close  to  actual  facts.  It  is  a  point,  however, 
which  is  commercially  impractical  to  obtain  and  of  doubtful  significance.  So  far  as  commercial 
testing  is  concerned,  the  significant  point  which  is  recognized  and  taken  account  of,  is  the  "yield 
point,"  the  "commercial  elastic  limit,"  or  "rapidly-breaking-down  point."  It  is  this  point  which 
is  recognized  by  the  Standard  Specifications  of  the  Association  of  American  Steel  Manufactur- 
ers representing  practically  all  of  the  steel  manufacturers  in  the  United  States. 


It  is  a  fact  well  known  to  steel  men,  that  when  mild  or  medium  steel  is  subjected  to  ten- 
sile stress  and  the  material  begins  to  yield  plastically  (that  is  to  say,  the  "yield  point"  or  "com- 
mercial elastic  limit"  or  "rapidly-breaking-down  point"  is  reached)  the  unit  load  temporarily  de- 
creases which  has  the  effect  of  causing  the  balance  beam  of  a  testing  machine  to  drop.  Thus  the 
value  of  the  "yield  point"  is  noted  at  once  during  a  test  without  recourse  to  a  chart  or  plotted 
readings.  This  temporary  drop  in  the  unit  load  is  noted  in  the  diagram  as  a  slight  "kink"  in  the 
otherwise  smooth  curve.  In  the  case  of  a  mild  steel  which  has  been  subjected  to  the  process  of 
cold  drawing,  as  for  example,  "Steelcrete"  mesh,  this  "kink"  above  referred  to,  does  not  app< 
hence,  in  order  to  determine  the  value  of  the  "yield  point"  in  such  a  case,  it  is  ner<  plot 

the  stress-strain  readings.  This  procedure  is  characteristic  of  all  cold  drawn  steels.  The  be- 
havior of  a  piece  of  steel  under  tensile  test  may  be  read  at  a  glance  from  the  plotted  stress- 
strain  curve  and  careful  study  of  the  ones  hereinafter  submitted  is  invited. 
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There  are  many  empirical  methods  of  fixing  the  value  of  the  "yield  point"  used  by  the 
various  commercial  laboratories  throughout  the  country.  It  is,  however,  beyond  the  scope  of 
this  pamphlet  to  go  into  an  analytical  discussion  of  this  phase  of  the  subject. 

In  order  to  study  the  characteristics  of  the  stress-strain  diagram  indicating  the  behavior 
of  "Steelcrete"  mesh  under  tensile  stress  and  to  determine  the  values  of  the  significant  points  of 
deformation,  the  hereinafter  described  tests  were  conducted  under  the  supervision  of  Prof.  James 
S.  Macgregor  of  the  Columbia  University  Laboratories,  New  York  City.  The  results  of  these 
tests  will  be  found  in  the  succeeding  pages.  The  behavior  of  the  specimens  during  test  will  be 
noted  at  a  glance  from  the  curve  sheet  (pages  168  and  169).  The  approximately  straight  por- 
tions of  the  curves  in  every  case,  exceed  the  unit  value  of  60,000  pounds  per  square  inch,  indi- 
cating that  the  "yield  point"  or  "commercial  elastic  limit"  exceeds  this  value.  It  will  be  recalled 
that  the  claims  for  this  material,  as  indicated  in  the  "Steelcrete"  handbook  are  for  a  value  of  the 
"yield  point"  of  not  less  than  55,000  pounds  per  square  inch,  which  is  greatly  exceeded  by  the 
results  of  these  tests. 

In  order  to  remove  all  possible  adverse  criticism,  strict  instructions  were  given  Mr.  Mac- 
gregor to  select  the  specimens  from  the  center  of  a  sheet  of  "Steelcrete"  mesh  and  include  at  the 
central  portion  of  the  test  specimens  a  bridge  (or  center  connection  between  two  diamonds).  The 
manner  in  which  the  test  specimens  were  prepared  is  described  in  his  letter  of  transmittal  on 
page  162.  See  also  the  photographs  on  page  163,  which  illustrate  the  successive  steps  re- 
quired. No  more  exacting  tests  could  be  demanded  of  any  steel  reinforcing  material  than  are 
here  given.  Not  only  with  the  motive  of  satisfying  the  most  difficult  specifications  are  the  results 
of  these  tests  submitted,  but  also  with  the  end  in  view  of  meeting  the  increasingly  critical  de- 
mands of  engineers  and  designers  for  detailed  information  of  this  character. 
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DUCTILITY 


Ductility  is  one  of  the  most  important  properties  of  steel  required  in  struc- 
tural designing.  There  are  two  ways  of  measuring  the  ductility  of  steel  in  com- 
mon commercial  use;  (a)  the  percentage  of  elongation,  (b)  the  percentage  of  re- 
duction of  area  of  cross-section. 

The  percentage  of  elongation  is  found  by  dividing  the  increase  of  length 
after  rupture  has  occurred  by  the  original  length.  The  elongation  of  a  test  speci- 
men may  be  divided  into  two  portions;  (a)  that  part  of  the  elongation  which  is 
uniformly  distributed  over  the  length;  (b)  that  part  of  the  elongation  which  oc- 
curs in  the  close  vicinity  of  the  section  which  finally  breaks.  The  accompanying 
sketch  illustrates  the  "necking-down"  action  which  occurs  before  rupture.  The 
elongation  is  measured  after  rupture  has  occurred  by  placing  the  two  ends  togeth- 
er and  measuring  the  distance  between  the  original  gauge  marks. 

It  will  be  noted  after  a  cursory  inspection  of  these  specimens  that  the  elon- 
gation which  is  locally  developed  in  the  vicinity  of  final  rupture,  is  not  the  same 
in  all  specimens  but  varies  greatly  with  the  diameter  or  thickness  of  the  test  speci- 
men. It  requires  very  little  study  to  see  that  a  piece  of  steel  one  inch  in  diameter 
will  elongate  much  more  in  two  inches  of  length  adjoining  the  plane  of  rupture 
than  a  piece  one  quarter  inch  in  diameter.  In  the  former  case  almost  all  of  the 
two  inches  represents  the  length  of  the  "necking-down"  portion,  while  in  the  latter 
case  only  a  small  part  of  the  two  inches  represents  this  "necking-down"  portion. 
The  percentage  of  elongation  in  the  two  inches  is  much  greater  in  the  former 
case  than  in  the  latter;  although  the  ductility  of  the  latter  steel  may  be  the 
greater.  This  principle  holds  good  for  all  commercial  lengths  of  test  specimens 
which  usually  run  from  two  to  eight  inches. 
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As  has  been  said  before,  the  ultimate  elongation  in  a  test  specimen  of  commercial  length 
measures  partly  the  plasticity  of  a  short  length  at  the  "necking-down"  portion  and  partly  the 
plasticity  of  the  bar  before  this  drawing  out  commenced.  It  is  obvious  therefore,  that  in  order 
to  compare  the  ductility  of  different  qualities  of  steel  by  the  percentage  of  elongation,  the  di'am- 
eter,  thickness  and  shape  of  the  test  specimens  ES  well  as  the  gauge  lengths  should  be  absolutely 
the  same.  It  is  not  always  possible  to  fulfill  the^e  conditions  as  the  length  and  thickness  of  a 
commercial  test  specimen  depends  primarily  on  the  size  and  shape  of  the  finished  product  from 
which  it  is  taken.  It  is  possible,  however,  to  compare  the  ductility  of  test  specimens  of  different 
diameters,  thicknesses  and  shapes  as  well  as  of  different  lengths  by  the  percentage  of  the  reduc- 
tion of  area  at  fracture. 

"The  term  'Reduction  of  Area'  refers  to  a  ruptured  specimen  and  means  the  diminution  in 

section  area  per  unit  of  original  area Reduction  of  area,  or  contraction  of  area  as  it 

is  often  called,  is  an  index  of  the  ductility  of  the  material  and  it  is  generally  regarded  as  a  more 
reliable  index  than  elongation  because  the  ultimate  unit  elongation  is  subject  to  variation  with 
the  ratio  of  the  length  of  the  specimen  to  its  diameter,  whereas  the  reduction  of  area  is  more 
constant."  Merriman — "Mechanics  of  Materials."  (1905),  Page  31. 

"The  percentage  of  contraction  of  area  and  the  quality  of  the  fracture,  both  very  impor- 
tant factors  in  determining  the  quality  of  the  metal,  are  shown  with  equal  accuracy  and  distinct- 
ness with  the  shorter  specimen  as  with  one  of  greater  length."  American  Society  of  Testing 
Materials — 1913. 

The  percentage  of  reduction  of  area  is  independent  of  the  diameter,  thickness,  and  shape 
of  the  test  specimen  as  well  as  of  the  length. 

While  it  would  be  possible  to  obtain  a  test  specimen  of  "Steelcrete"  mesh  of  the  same 
length  and  thickness  as  is  commonly  used  in  steel  bars,  (i.  e.,  8  inches  in  gauge  length  and  IT« 
inch  diameter),  such  a  specimen  would  be  subject  to  criticism  as  it  does  not  represent  a  speci- 
men of  a  finished  product.  In  order  to  avoid  all  possible  criticism,  the  specimens  which  have 
been  tested  were  in  every  case  taken  from  the  center  of  a  commercial  sheet  of  mesh.  As  the 
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thickness,  length  and  shape  of  the  specimen  thus  obtained  would  be  much  less  than  the  above 
mentioned  standard  size,  the  comparative  ductility  of  "Steelcrete"  mesh  cannot  be  satisfactorily 
shown  by  the  method  of  "percentage  of  elongation." 

Any  method  of  correcting  the  percentage  of  elongation  of  a  specimen  of  "Steelcrete"  mesh 
for  the  difference  in  section,  shape  and  length  would  only  be  roughly  approximate.  Moreover,  it 
would  not  be  convincing,  as  it  would  require  that  the  percentage  of  elongation  actually  obtained 
be  greatly  increased  in  order  to  make  the  comparison  of  any  value  whatever.  The  average  per- 
centage of  elongation  of  the  specimens  tested  by  Prof.  Macgregor  of  the  Columbia  University 
Testing  Laboratory  in  New  York  City  and  elsewhere  described,  exceeds  the  requirements  of  the 
Manufacturers  Standard  Specification  (1914)  and  of  the  American  Society  of  Testing  Materials 
(1913)  for  cold  twisted  square  bars  used  in  concrete  reinforcement.  This  figure  should  be  great- 
ly increased  in  order  to  make  the  correction  for  the  size  and  shape  of  the  specimen.  The  percen- 
tage of  reduction  of  area  offers  a  more  satisfactory  method  of  comparison.  The  percentage  of 
reduction  of  area  of  the  test  specimen?  of  "Steelcrete"  mesh  investigated  by  Mr.  Macgregor  av- 
eraged forty  per  cent.,  indicating  a  high  degree  of  ductility. 
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THE  CHARACTER  AND  SIGNIFICANCE  OF  THE  COLD-BEND  TEST. 


"The  test  of  the  ductility  of  a  malleable  metal  by  bending  it  cold  is  the  most  common  and 
perhaps  the  most  useful  of  all  the  tests  which  can  be  applied  to  it.  For  wrought  iron  and  struc- 
tural steel  this  test  approaches  more  nearly  to  the  severe  usages  of  actual  practice  than  does  the 
tension  test  with  its  elastic  limit,  ultimate  strength,  elongation,  and  reduction  of  area.  It  is  not 
so  easily  standardized,  however,  and  it  is  employed  less  in  America  than  in  Europe,  partly  be- 
cause no  standard  methods  and  results  have  been  agreed  upon  here. 


"If  a  sample  of  wrought  iron  or  steel  will,  when 
cold,  fold  upon  itself  absolutely,  or  make  the  double  fold 
(as  shown  in  accompanying  sketch),  there  can  be  no  doubt 
of  its  high  quality.  When  it  fractures,  however,  at  inter- 
mediate stages  of  this  process,  the  question  of  its  quality 
is  left  in  doubt,  and  some  standard  limit  is  required  if  this 
test  is  to  be  made  the  basis  of  acceptance.  The  great  ad- 
vantage of  this  test  is  that  it  can  be  made  at  any  time  in 
the  shop,  without  the  expense  attaching  to  tension  tests, 
and  by  the  man  who  uses  or  makes  up  the  material."  John- 
son, "The  Materials  oi  Construction"  (1906),  Page  394. 

"The  cold-bend  test  is  one  that  has  been  known  from 
the  earliest  times  and  which  is  constantly  used  in  all  mills 
where  wrought  iron  or  steel  is  produced.  The  bending  of 
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the  specimen  is  generally  done  by  blows  of  a  hammer,  although  steady  pressure  is  sometimes 
employed.  Notwithstanding  that  no  numerical  results  are  obtainec  from  the  cold-bend  test,  ex- 
cept the  final  angle  of  bending,  the  general  information  that  it  gives  is  of  the  highest  im- 
portance, so  that  it  has  been  said  that,  if  ull  tests  of  metals  except  one  were  to  be  abandoned. 
the  cold-bend  test  should  be  the  one  to  be  retained.  In  the  rolling  mill  it  is  used  to  judge  of  the 
purity  and  quality  of  the  mock  bar;  in  the  steel  mill  it  serves  to  classify  and  grade  the  material 
almost  as  well  as  chemical  analysis  can  do,  and  in  the  purchase  of  shape  iron  it  affords  a  quick 
and  satisfactory  method  of  estimating  toughness,  ductility,  strength  and  capacity  to  resist  ex- 
ternal work."  Merriman— "Mechanics  of  Materials"  (1905),  Page  439. 
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The  above  photographs  show  the  most  severe  test  of  ductility  and  quality  to  which  a  piece 
of  steel  may  be  subjected;  strands  of  "Steelcrete"  mesh  bent  flat  upon  themselves  through  an 
angle  of  180  degrees  without  any  indication  of  fracture. 

This  method  of  testing  is  cited  by  Johnson  in  "The  Materials  of  Construction"  as  ap- 
proaching more  nearly  to  the  severe  usages  of  actual  practice  than  does  the  tension  test,  with 
its  elastic  limit,  ultimate  strength,  elongation  and  reduction  of  area. 

In  referring  to  the  value  of  the  cold  bend  test,  Professor  Merriman  states  that  if  all  tests 
of  metal  except  one  were  abandoned,  the  cold  bend  test  should  be  retained.  It  should  be  remem- 
bered that  this  test  may  be  made  by  anyone  at  any  time  in  the  field. 
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Even  more  convincing  than  anything  that  has  been  said  heretofore  in  this  pamphlet  in  ref- 
erence to  ductility  and  uniformity  of  quality  is  the  illustration  of  the  cold  twisted  Ftrands  of 
"Steelcrete"  mesh  here  shown.  No  indication  of  fracture  can  be  detected.  This  test,  like  the  one 
shown  on  the  opposite  page,  can  be  made  in  the  field  by  anyone  on  any  commercial  sheet  of 
"Steelcrete"  mesh. 
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THE    CONSOLIDATED    EXPANDED    METAL    COMPANIES 

announce  the  publication  of  following  bulletins,  being  additions  to  their  regular  Steelcrete 
Handbook : 

LOAD  TESTS 

SEWERS  AND  CONDUITS 

STEELCRETE  METAL  LATH 

TANKS-CIRCULAR-SQUARE-RECTANGULAR 

HIGHWAY  BRIDGES  AND  CULVERTS 

RETAINING  WALLS 

SAFETY  FIRST-STEELCRETE  GUARDS 

Each  publication  contains  valuable  data,  tables  and  specifications  for  use  of  STEELCRETE. 

Copies  will  be  sent  free  upon  request. 

Send  name  and  address  for  our  files  so  other  bulletins  may  be  forwarded  when  issued. 

THE    CONSOLIDATED    EXPANDED    METAL    COMPANIES 

offer  the  services  of  their  Engineering     Department    to — 

ARCHITECTS 
ENGINEERS 
CONCRETE  WORKERS 

and  wish  to  co-operate  with    them   as   fully    as    possible. 

This  Company  does  not  contract  for  construction  work,  and  is  not  connected  with  any 
construction  company. 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 
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